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Preface 



The goal in preparation of this text was to provide a source of infor- 
mation about the diagnosis, evaluation, and management of inherited 
cancer syndromes. Two decades ago, these s 5 mdromes were thought 
to be extremely rare, if they existed at all. Over the last 10 years, it has 
become apparent that 20% of patients with breast, colorectal, or gyne- 
cologic cancer will have a family history suggestive of one of these S 5 m- 
dromes, and 5% will have the condition. The ramifications of having 
one of these diseases are significant for both the patient and their fam- 
ily, with a high risk of developing a malignancy in many organs at an 
early age. 

Clinicians should be prepared to recognize and manage these dis- 
eases. This is not as simple as it sounds. While data derived from the 
technological advances in genetics can provide important information 
about the prognosis and possible manifestations of the disease, only in 
special circumstances can it be used to confirm or exclude the diagno- 
sis. Instead, the diagnosis is made from the clinical information ob- 
tained by examination of a patient's family medical history. Despite 
the best efforts of the patient and their clinician the pedigree devel- 
oped frequently has omissions and inaccuracies. 

Another issue is the lack of consensus regarding the diagnostic cri- 
teria for these conditions. All of the currently accepted guidelines have 
been criticized, leaving the clinician confused as to who should be 
diagnosed with one of these S 5 mdromes. Avoidance of false-positive 
and -negative diagnosis is of particular importance given the implica- 
tions of these diagnoses for patients and their families. 

After the diagnosis is suspected or confirmed, the management of 
these diseases is also controversial. Treatment options can include ag- 
gressive cancer screening, preventive medications, and/or prophylac- 
tic surgery. There are few randomized, controlled trials showing the 
superiority of one strategy over another for patients with an inherited 
predisposition for cancer. Management of these patients is therefore 
based on clinical judgment, taking into account the clinical manifesta- 
tions of these syndromes and the risks and limitations of the various 
therapeutic options. 
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It is hoped that this text will provide a source of information that is 
useful fo fhe clinician in fhe recognifion and managemenf of fhese S5m- 
dromes, and in fhe prevenfion of fhe subopfimal oufcomes frequenfly 
associafed wifh fhese diseases. 

C. Neal Ellis, Jr., MD 
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Assessing Genetic Risk 



Ronald T. Acton 



of Cancer 

and Lisle M. Nabell 



Our current understanding of the molecular pathophysiology of can- 
cer explains many of fhe imporfanf epidemiology and clinical obser- 
vafions fhaf have been made in fhe lasf 100 years. For example, fhe 
identification and characferizafion of genes responsible for heredifary 
cancer s 5 mdromes have explained fhe predisposition of members of af- 
fecfed families fo develop sife-specific cancer af a relatively young age.^ 
A family hisfory (FH) of sife-specific cancer is now a leading risk fac- 
for for fhe subsequenf developmenf of breasf, ovarian, colon, and 
prosfafe cancer and malignanf melanoma. The evolving under- 
sfanding of fhe molecular basis of cancer has been based on fhe iden- 
fificafion of several mufafed genes fhaf have been cloned and im- 
plicafed in predisposing one fo a variefy of heredifary cancer 
S 5 mdromes.^“^^ This undersfanding has provided fhe abilify fo use ge- 
netic fesfs fo esfimafe risk, predicf onsef, and aid in diagnosis and 
prognosis of many forms of cancer. However, fhe availabilify of ge- 
netic fesfing has creafed complex issues and confroversies regarding 
fheir appropriafe applicafion, inferprefafion of fesf resulfs, and impli- 
cafions for screening, prevenfive infervenfions, or correcfive manage- 
menf decisions. Cancer confrol efforfs fo reduce fhe incidence of can- 
cer have focused on prevenfion and early defection. These efforfs will 
be mosf beneficial for individuals who are af highesf risk. Thus, if is 
imperafive fhaf healfhcare providers become familiar wifh fhe fools 
fo assess a person's genefic risk of cancer, fhe general benefifs and lim- 
ifafions of genefic fesfing in medical practice, and fhe process of mak- 
ing informed decisions abouf diagnosis and freafmenf of malignanf 
disorders. 

Excellenf fuforials are available dealing wifh heredifary cancer syn- 
dromes. Rafher fhan provide an all-encompassing freafise, our goal 
in fhis chapfer is fo generafe a pracfical guide fo aid physicians in fhe 
assessmenf of fhe genefic risk of fheir pafienfs for fhe developmenf of 
cancer. The case scenarios presenfed are nof infended fo cover all fa- 
milial or heredifary cancer S 5 mdromes buf were selecfed as fhey illus- 
frafe fhe sfrengfhs and weaknesses of currenf cancer genefic knowl- 
edge. The information presenfed is aimed foward providing fhe basic 
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information a physician may need to identify those patients at high 
risk and determine the need for further assessment, enhanced screen- 
ing, preventive intervention, or referral. Several guidelines have been 
published that should further aid physicians in incorporating genetic 
risk assessment into their practices. 

Collecting Family History of Cancer Information 

The assessment of a patient for risk of cancer requires that the physician 
determine if one or more cancers are clustering in the patient's family 
and whether one is dealing with sporadic, familial, or inherited cases. 
This is complicated in that many cancers are prevalent. Thus, in a large 
family one might expect to see one or more cases of the more prevalent 
cancers. Familial clustering of cancer could be due to chance, common 
environmental exposures and lifestyle, or the inheritance of mutated 
genes. The challenge in assessing an FH is to determine which of these 
possibilities explain cancer in a family. For example, if one is dealing 
with a hereditary cancer syndrome for which a genetic test is available, 
then this tool can be utilized to refine the risk estimate. Thus, a manda- 
tory step in identifying patients at high risk for familial cancer or hered- 
itary cancer syndromes is to obtain a detailed FH of cancer.^^ 

Many physicians do not obtain a sufficiently detailed FH of cancer 
information to identify a hereditary cancer S 5 mdrome. Moreover, it is 
common for healthcare providers to misinterpret or fail to act on the 
information provided.^^”^® Although patients are becoming more 
knowledgeable about their medical conditions, many will not present 
to their healthcare provider knowing whether they are a member of a 
family carrying a gene that predisposes them to cancer. It is the re- 
sponsibility of the healthcare provider to identify the high-risk hered- 
itary cancer syndrome patients. 

The elements of a detailed FH of cancer are listed in Table 1.1. Many 
of the hereditary cancer S 5 mdromes include different t 5 q)es of cancers 
in the family, often affecting multiple generations. One of the hallmarks 
of hereditary cancer is early age of onset. A history of cancers that ap- 
pear in family members under the age of 50 is an indication that one 
could be dealing with a hereditary cancer syndrome. Gleaning this in- 
formation requires a structured approach to obtaining an FH of can- 
cer information. While there are several venues in which the informa- 
tion can be obtained, it is our experience that the most complete and 
detailed information will not be obtained during an office visit to a 



Table 1.1 Elements of a family history of cancer. 

Include at least three generations 
Include all cancers 
Age of onset of each cancer 
Age at death 

Confirm diagnosis of affected individuals 
Racial and ethnic background 
Possible consanguinity 
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physician. Patients are often distracted by the reason for the visit and 
do not recall the detailed information requested. For this reason we 
recommend a two-step process. 

During the office visit the physician or nurse should obtain a brief 
FH of disease and explain the need to obtain more detailed informa- 
tion on the disease of interest. There are several methods one can use 
to obtain this information.^®^^ One of the authors has developed and 
validated a Family History of Disease Assessment form on which a pa- 
tient can record personal information.^^'^^ This form queries the patient 
about the elements shown in Table 1.1 and provides a structured for- 
mat on which to record the information. The form is mailed to the pa- 
tient before or given to them during their office visit. This provides the 
patient the opportunity to contact family members and check medical 
or death records, which increases the completeness and accuracy of the 
information obtained. 

The validity of the aforementioned approaches to collecting an FH 
of cancer information and the accuracy of the information reported by 
cancer patients appears good.^^“^® In one study, 83% of patients cor- 
rectly identified the primary cancer site in their first-degree relatives. 
The reporting site was accurate in 67% of second-degree relatives and 
60% of third-degree relatives. False positives were 5%. In another study, 
the accuracy of cancer reported in first- and second-degree relatives 
was 91% and 74%, respectively.^^ A mistake in identifying the pres- 
ence or site of the cancer was found in only 4% of first-degree and 15% 
of second-degree relatives. Although a small amount of overreporting 
by breast cancer patients of breast cancer in their families has been ob- 
served, the accuracy of reporting in first-degree relatives was >90%.^^ 
Accuracy improves when the reports of cases are confirmed by inter- 
viewing the purported affected members or obtaining medical 
records. The sensitivity of self-reported positive history of colorec- 
tal cancer has been estimated in one study as 0.87 among cases and 
0.82 among controls.^^ The specificity was estimated in both groups to 
be 0.97. The false-negative reporting has been observed to vary by tu- 
mor site and to be greater in individuals of nonwhite race and older 
age.^® Other variables influencing false-negative reporting include time 
since cancer diagnosis, number of previous tumors, and t 5 q)e of treat- 
ment received.^® The false-negative reporting rate for breast, colon, and 
prostate and bladder cancer was 20.8%, 42.1%, and 61.5%, respectively. 

While it is recognized that the best estimate of an individual's can- 
cer risk will depend on the accuracy and detail of the FH of cancer, 
there will be situations where confirmation of the information will not 
be feasible. Lack of confirmation could create a situation where the 
physician is apprehensive about recommending genetic testing or some 
of the more invasive preventive interventions. 



Assessing Family History of Cancer Information 

The next step in the process of a cancer genetic risk assessment is to 
use the FH of cancer information to construct a pedigree. Although one 
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can handdraw the pedigree, there are several commercially avail- 
able^®'^° software programs and some in the public domain to aid in 
this process. The pedigree should include all cancers, ages of di- 
agnosis, and ages at death. We have also found it useful to send the 
constructed pedigree back to the patient, asking them to confirm the 
accuracy of the information. This also provides an opportunity to in- 
quire about missing information. A letter is included informing the pa- 
tient again of the importance of this process and including instructions 
to make any corrections or additions on the pedigree and return the 
pedigree in the self-addressed return envelope provided. Over 85% of 
pedigrees we generate come back with corrections or additions. These 
changes are indicative that the visual aspect of the pedigree, the 
queries, or the additional time to think about their family history stim- 
ulates patients to refine the information. The detailed FH of cancer in- 
formation obtained can now be used to assess a patient's risk of can- 
cer and determine if the pedigree suggests a hereditary cancer 
S 5 mdrome for which a genetic test is available that may help refine the 
risk estimate. 

Table 1.2 lists a number of hereditary cancer syndromes for which 
the mutated gene(s) have been identified and genetic tests are avail- 
able to identify these mutations. The Website www.genetests® 
genetests.org is a convenient source for (1) laboratories that perform 
various genetic tests and (2) clinics that specializes in genetic evalua- 
tion of patients and reviews of various genetic disorders. Using a se- 
lect number of case scenarios, examples of how an FH of cancer infor- 
mation can be used to estimate a patient's risk of cancer, diagnose a 
hereditary cancer S 5 mdrome, and possibly refine the genetic risk 
through genetic testing will now be presented. 



Familial Cancer That Does Not Fit the Criteria of a 
Hereditary Breast/Ovarian Cancer Syndrome 

A pedigree analysis of an individual with a large family will often re- 
veal one of the more prevalent cancers, e.g., breast or colon. However, 
the pattern of cancer may not fit the criteria for a hereditary cancer 
S 5 mdrome and may reflect the presence of sporadic cancer. Approxi- 
mately 7% of breast cancer and 10% of ovarian cancer cases are esti- 
mated to fit an autosomal dominant pattern of inheritance.^^ Thus, a 
pedigree analysis is the only method, outside of widespread genetic 
testing of a population, to determine individuals who may be at high 
risk for cancer and would benefit from mutation testing. 

Figure 1.1 is a pedigree in which the family has a positive history of 
breast cancer but the pattern does not meet any of the hereditary can- 
cer syndrome criteria. The proband (IV: 1) is a 41-year-old white fe- 
male who was referred to our familial cancer clinic due to the presence 
of breast cancer in her mother (III: 2) and maternal aunt (III: 3). The 
proband's mother had developed basal cell carcinoma at age 38 and 
unilateral breast cancer at age 36. The maternal aunt had developed 
breast cancer at age 62, and a maternal great aunt (II: 3) developed 
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Table 1.2 Hereditary cancer syndromes for which genetic tests are available. 



Syndrome 


Associated malignancies 


Mode of 
inheritance 


Gene 


Breast/ ovarian 


Breast, ovarian, prostate, 
pancreatic 


Dominant 


BRCAl, BRCA2 
BRCA2 


Cowden 


Breast, ovarian, follicular of 
thyroid, colon 


Dominant 


PTEN 


Li-Fraumeni 


Breast, brain, soft-tissue 
sarcomas, osteosarcomas, 
leukemia, adrenocortical 
carcinomas 


Dominant 


p53 


Familial polyposis 


Colon 


Dominant 


APC 


HNPCC 


Colon, endometrial, ovarian, 
kidney, ureter, stomach, 
biliary tract, brain, small 
intestine 


Dominant 


MSH2, MLHl 


Muir-Torre 


Colon, breast 


Dominant 


MSH2, MLHl 


Peutz-Jeghers 


GI, breast 


Dominant 


STKII/LKBI 


Turcot 


Polyposis, brain 


Recessive 


Unknown 


Malignant melanoma 


Malignant melanoma 


Dominant 


CDKN2A 


MEN2A 


Medullary thyroid, 
pheochromocytomas, 
parathyroid adenomas 


Dominant 


RET 


MEN2B 


Medullary thyroid, 

pheochromocytomas, mucosal 
neuromas 


Dominant 


RET 


von Hippel-Lindau 


Hemangioblastomas of retina 
and nervous system, 
pheochromocytomas, renal 
cell 


Dominant 


VHL 


Neurofibromatous 1 


Neurofibrosarcomas, 
pheochromocytomas, optic 
gliomas 


Dominant 


NFl 


Neurofibromatous 2 


Bilateral acoustic neuroma, 
other tumors of nervous 
system 


Dominant 


NF2 


Retinoblastoma 


Retinoblasta, osteosarcoma 


Dominant 


RBI 


Wilms' tumor 


Nephroblastoma, 

hepatoblastoma, 

rhabdomyosarcoma, 

neuroblastoma 


Dominant 


WTl 


Ataxia telangiectasia 


Leukemia, lymphoma, 

ovarian, gastric, brain, breast 


Recessive 


ATM 



Source: Adapted with permission from Olopade and Cummings.^^^ 



colon cancer at age 78. The maternal grandfather (II: 1) developed lung 
cancer at age 52. He was reported to be a heavy smoker. The maternal 
grandfather's sister (II: 4) developed breast cancer at an unknown 
age, but it was believed to be above the age of 50. The proband's fa- 
ther (III: 2), who was also a heavy smoker, developed lung cancer at 
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Symbol definitions 



□ o Unaffected 

□ o Breast Cancer 

□ o Colon Cancer 
Q ^ Lung Cancer 

□I O Breast CA, Basal Cell CA 



Figure 1.1 Example of a positive family history of breast cancer where the pat- 
tern does not meet any of the hereditary cancer syndrome criteria. Note: This 
and the other pedigrees that follow include only the relevant persons needed 
to assess the proband's risk of cancer. 



age 65. The referring physician was probably alerted by the appear- 
ance of breast cancer in the proband's mother below the age of 50, 
which is one of the hallmarks of hereditary breast cancer, and breast 
cancer in her mother's sister. However, the pattern of cancer in this 
family does not strongly suggest hereditary breast cancer. 
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There are models one can use to estimate the proband's risk of breast 
cancer. The Gail model uses age, age at menarche, age at first live birth, 
number of prior breasf biopsies, and number of firsf-degree relafives 
affecfed wifh breasf cancer fo calculafe fhe probabilify fhaf a woman 
will develop breasf cancer af various ages in life.^^ The Nafional Can- 
cer Insfifufe disfribufes a software version of fhis model, which is avail- 
able af hffp://cancerfrials.nci.nih.gov/forms/CfRisk-Disk.hfml. An- 
ofher breasf cancer risk assessmenf fool is fhe Claus model, which 
esfimafes risk based solely on fhe number of mafernal and pafemal 
firsf- and second-degree relafives and fhe age af which fhey developed 
breasf cancer.^^ In fhe original publicafion a series of fables are pro- 
vided fhaf can be used fo esfimafe risk based on various FH of cancer 
scenarios. A fhird model, fhe Bodian, can be used fo esfimafe breasf 
cancer risk for women in families where lobular neoplasia has been 
diagnosed. 

Each of fhese models provides a reasonable esfimafe of risk for breasf 
cancer for mosf women buf has ifs limifafions.^^"^^ The Gail model does 
nof fake info accounf FH of cancer. However, if has been reporfed fo 
accurafely assign a risk esfimafe for 87% of women.®^ The Gail and 
Claus models bofh fail fo consider ovarian cancer risk, risk for women 
who have been diagnosed wifh lobular neoplasia, and fhe possibilify 
of breasf cancer predisposing gene mufafions. The Gail model will 
overesfimafe fhe risk of women who do nof carry a BRCA mufafion 
and underesfimafe fhe risk in carriers of mufafions.^® 

For fhe proband in Figure 1.1 fhe Gail model gave a lifefime proba- 
bilify of 19.9% fhaf she would develop breasf cancer compared fo fhe 
populafion risk of 12.9%. This confrasfs wifh fhe Claus model, which 
provided a probabilify of 29.6% fhaf fhe proband would develop breasf 
cancer by age 79. 

Approximafely 19% of women who develop breasf cancer have a 
positive family hisfory.^^'^^ Of fhese, approximafely 6% fo 7% are due 
fo mufafions in eifher BRCAl or BRCA2.^^~^^ One can defermine fhe 
probabilify of BRCAl or BRCA2 mufafions occurring in a given fam- 
ily by use of fhe dafa obfained by Myriad Genetics Laboratories on 
10,000 individuals who were referred fo fhem for fesfing.^® Myriad pro- 
vides BRCAl and BRCA2 mufafion prevalence dafa in fabular form 
for individuals who did nof reporf Ashkenazi Jewish ancesfry and 
fhose who did af hffp://www.myriad.com/med/brac/mufpfables.hfm. 
Using fhese dafa fhe prevalence of deleferious mufafions in BRCAl 
and BRCA2 fhaf have been observed in families wifh a hisfory of can- 
cer similar fo fhe family in Figure 1.1 is 4.4%. This esfimafe is based 
on fhe observafion fhaf fhe proband has nof presenfed wifh breasf or 
ovarian cancer, fhaf of fhe fwo relafives who presenfed wifh breasf can- 
cer, only one occurred below fhe age of 50, and fhaf no hisfory of ovar- 
ian cancer af any age had been observed in any relafive af fhe time of 
analysis. 

BRCAPRO is a family hisfory model fhaf uses Bayes fheorem fo cal- 
culafe an individual's probabilify of developing breasf cancer.^^ This 
model incorporafes fhe probabilify fhaf an individual carries a mufa- 
fion in BRCAl or BRCA2. The soffware program CancerGene calcu- 
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lates breast cancer risks using Gail, Claus, BRCAPRO, and Bodian 
models and is available at no cost at http://www3.utsouthwestern. 
edu / cancergene.^® The software also draws a pedigree and calculates 
BRCA gene mutation probabilities. BRCAPRO has been shown to be 
better in discriminating between BRCA gene mutation carriers vs BRCA 
gene mutation noncarriers than cancer risk counselors.^® Using the BR- 
CAPRO model to estimate risk for the proband in Figure 1.1 gave a 
risk of developing breast and ovarian cancer by age 86 of 12.3% and 
1.8%, respectively. The probability that breast cancer in the proband's 
family was due to a BRCAl or BRCA2 mutation using the BRCAPRO 
model was 2.2%, slightly less than the 4.4% derived from the Myriad 
tables.®® The American Society of Clinical Oncology has recommended 
that BRCA genetic testing be considered for individuals whose family 
history of breast/ovarian cancer suggested an estimated prior proba- 
bility of a BRCA mutation greater than 10%.^^ Additional guidelines 
have stipulated that testing should only be offered when the test can 
be adequately interpreted and the results will influence medical man- 
agement. Thus, the probability that breast cancer in the proband's fam- 
ily in Fig 1.1 is due to a deleterious mutation in one of the breast 
cancer susceptibility genes is sufficiently low that testing for BRCA 
mutations is not indicated. 

Figure 1.2 is the pedigree of a 39-year-old white female (III: 1) who 
was referred because her mother (II: 2) had developed ovarian cancer 
at age 49. The proband's maternal uncle (II: 3) had developed prostate 
cancer at age 48, and her maternal grandmother (I: 2) developed basal 
cell carcinoma at age 70. Her father (II: 1), a heavy smoker, developed 
lung cancer at age 65. 

A woman with a first-degree relative who has developed ovarian 
cancer has a lifetime risk of 1 in 25 to 1 in 30 of developing ovarian 
cancer .®® This compares to a risk of approximately 1 in 70 for a woman 
with no family history of ovarian cancer. The Gail model gave a life- 
time risk of the proband developing breast cancer of 15.5% compared 
to the BRCAPRO model, which calculated a risk of 12.2% by age 89. 
Because there were no cases of breast cancer in the family, the Claus 
model could not be used. BRCAPRO also estimated a risk of the 
proband developing ovarian cancer by age 89 of 1.5%. The probability 
that cancer in this family is due to a BRCAl or BRCA2 deleterious mu- 
tation was estimated as 1.1% and 6.2% by the BRCAPRO and Myriad 
models, respectively. 



Familial Cancer That Fits the Criteria of a Hereditary 
Breast/Ovarian Cancer Syndrome 

Figure 1.3 is a pedigree of a family where there is a high likelihood 
that cancer is due to deleterious BRCA mutations. The proband (III: 1) 
is a 43-year-old white female who developed breast cancer at age 43. 
Her mother (II: 2) and maternal grandmother (I: 2) had both developed 
ovarian cancer at ages 43 and 32, respectively. On the paternal side of 
the family an uncle (II: 4) had developed prostate cancer at age 74, and 
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Figure 1.2 Proband referred based on a family history of ovarian cancer. 



an aunt (II: 5) uterine cancer at age 40. The probability that cancer in 
this family is due to a deleterious BRCA mutation is 42.8% and 26.9% 
by the BRCAPRO and Myriad models, respectively. A comprehensive 
BRCAl and BRCA2 gene sequence analysis of fhe proband did indeed 
reveal fhe germline BRCAl deleferious mufafion E1250X. This mufa- 
fion resulfs in premafure fruncafion of fhe BRCAl profein af amino 
acid position 1250. This informafion has imporfanf implicafions for fhe 
medical managemenf of fhe proband. Mufafions in BRCAl or BRCA2 
confer a 20% or 12% risk, respecfively, fhaf fhe proband will develop 
a second breasf cancer wifhin 5 years. The proband's risk of de- 
veloping a second breasf cancer by age 70 years is 64% for BRCAl. Her 
lifefime risk of developing ovarian cancer due fo a deleferious BRCAl 
mufafion is —44%. 

If is imporfanf fo remember fhaf genetic informafion on a pafienf is 
differenf fhan ofher fypes of medical informafion. Genefic informafion 
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Figure 1.3 Proband presenting with breast cancer who was found upon test- 
ing to carry a deleterious BRCAl mutation. 



impacts not only the patient receiving the assessment but also those 
family members who are still alive. Because deleterious BRCA muta- 
tions are inherited in an autosomal-dominant fashion, each of the 
proband's sisters (III: 2 and III: 3) and both children (IV: 1 and IV: 2) 
have a 50% chance of also having inherited the mutation. One can test 
the sisters for just the mutation observed in the proband rather than a 
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complete BRCAl and BRCA2 sequence analysis because it is rare that 
a given family would possess two mutations. It is not recommended 
that a child be tested for an adult disorder until the age of medical con- 
sent.^^ However, each of the proband's children has a 50% chance of 
having inherited the mutation. If the daughter inherited the mutation, 
her risk of developing breast cancer by age 70 is 56% to 87%, and her 
risk of developing ovarian cancer approximately 44%.®®'^^“^^ This is sig- 
nificantly higher than the population risk of 7% for breast cancer and 
1% for ovarian cancer by age 70. If the proband's son inherited the mu- 
tation, his risk would be increased to approximately 6% for male breast 
and possibly prostate cancer.^® 

There are families that have a high probability of possessing a dele- 
terious BRCA mutation but on testing are found to possess a poly- 
morphism that carries little or no risk. Figure 1.4 is the pedigree of a 
family that is in this situation. The proband (III: 1), a white female, 
presented with breast cancer at age 40. She had two sisters (III: 3 and 
III: 4), both of whom presented with breast cancer at the ages of 46 and 
41, respectively. Her mother (II: 2) presented with bilateral breast can- 
cer at ages 38 and 49. A maternal aunt (II: 3) had breast cancer, but the 
age of onset was unknown. Her maternal grandmother (I: 2) presented 
with ovarian cancer at around age 46. Based on the BRCAPRO model 
and the Myriad tables the probability that the family possesses a dele- 
terious BRCA mutation was found to be 95.9% and 46.4%, respectively. 
However, the proband was found to possess the BRCAl variant 
R1347G, which results in the substitution of glycine for arginine at 
amino acid position 1347. Myriad reported that this variant had been 
observed in conjunction with separate protein-truncated mutations in 
BRCAl in an individual and in approximately 1% of controls of Euro- 
pean ancestry.^® The dilemma in counseling this patient is that one can- 
not predict if her risk for developing another breast cancer or ovarian 
cancer or the risk to her children is elevated over the risk estimate based 
on family history. This is a family where cancer may be due to the ap- 
proximately 5% of mutated genes that are responsible for hereditary 
breast /ovarian cancer that have not been defined. 

One of the features of hereditary breast/ ovarian cancer is the pres- 
ence of male breast cancer in a family. A male possessing mutations in 
BRCAl and BRCAl has an approximately 6% risk of developing breast 
cancer. Figure 1.5 is an example of a family with male breast cancer. 
The proband (III: 1) is a white female who presented with ovarian can- 
cer at age 43. Her mother (II: 2) presented with breast cancer at age 62, 
and her maternal grandmother (I: 4) with ovarian cancer at age 82. A 
maternal aunt (II: 4) developed uterine cancer at age 26. On the pater- 
nal side her father (II: 1) developed breast cancer at age 62. A paternal 
uncle (II: 3) developed lung cancer at age 52, and her paternal grand- 
father (I: 1) developed pancreatic cancer at age 68. Several features of 
this family, e.g., ovarian/breast cancer on the maternal side and male 
breast and pancreatic cancer on the paternal side, suggest hereditary 
breast /ovarian cancer S 5 mdrome. The risk of pancreatic cancer is 2% 
to 3% by age 80 in a person carrying a BRCAl mutation.®^ The 
proband's risk of developing breast cancer by the age of 79 to lifetime 
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Figure 1.4 Proband presenting with breast cancer with a high probability of 
carrying a deleterious BRCAl mutation who was found to possess a variant of 
unknown clinical significance. 



ranged from 9.6% to 34.3% using the Claus, Gail, and BRCAPRO mod- 
els. The probability that cancer in this family is due to a deleterious 
BRCA mutation was estimated as 32.0% by the Myriad tables and 37.8% 
by the BRCAPRO model. Upon testing the proband was found to pos- 
sess a Y105C variant, which results in the substitution of cysteine for 
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Figure 1.5 Example of a family with male breast cancer. 



tyrosine at amino acid position 105 of the BRCAl protein. This 
variant may not affect the function of the protein and is probably not 
deleterious. 

Figure 1.6 is the pedigree of a family where the proband (III: 1) pre- 
sented with endometrial cancer at age 27 but had a significant family 
history of breast /ovarian cancer. One of the proband's sisters (III: 5) 
developed breast cancer at ages 48 and 53, and another sister (III: 6) 
developed bilateral breast cancer at age 40. The proband's mother 
(II: 2) was diagnosed with ovarian cancer at age 39 and breast cancer 
at age 62. Her maternal grandmother (I: 2) developed bilateral breast 
cancer at age 52. Her paternal grandmother (I: 4) had developed 
ovarian and cervical cancer, but age at onset was unknown. The pat- 
tern of cancer in this family certainly fits the criteria for hereditary 
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Figure 1.6 Proband whose family has a high probability of carrying a BRCA deleterious mutation that 
was negative upon testing. 



breast /ovarian cancer s 5 mdrome, e.g., breast cancer onset below the 
age of 50, bilateral breast cancer, and ovarian cancer at any age. The 
probability of a deleterious BRCA mutation in this family was 16.5% 
by BRCAPRO and 16.4% by the Myriad tables. However, the proband 
did not possess a BRCAl or BRCA2 deleterious mutation or variant. 
We have observed that approximately 15% of families that have a prob- 
ability >10% of carrying a deleterious BRCA mutation are found on 
testing to either carry a variant of no known significance or to have a 
normal gene sequence. 

The pattern of cancer in this family also illustrates that attention 
should be given to the entire family and not just those related to the 
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proband. The proband's spouse (III: 7) had developed familial adeno- 
matous polyposis (TAP) at age 32. His two brothers (III: 8 and III: 9) 
also had been diagnosed with FAP as well as his father (II: 4), who suc- 
cumbed to the disease. The proband and her spouse had one child (IV: 
2) who had developed FAP at age 17. Familial adenomatous polypo- 
sis is inherited in an autosomal dominant fashion. Without knowing 
the mutation status of the adenomatous pol 5 ^osis coli (APC) gene in 
the proband's spouse or her daughter, each of the other two children 
have a 50% chance of having inherited whatever the mutation might 
be. Adenomatous polyposis coli mutation carriers have an 87% risk of 
developing colon cancer by age 45.®^ Moreover, because 50% of APC 
mutation carriers develop adenomas by age 15 and 95% by age 35, it 
is appropriate to offer mutation testing to the 17-year-old child as well 
as her 23-year-old sibling.^® 



Ethnic Groups at Risk for Hereditary Breast/Ovarian 
Cancer Syndrome 

Over 2% of individuals of Ashkenazi Jewish descent carry one of the 
following so-called "founder mutations":; 185delAG or 5382insC in 
BRCAl or 6174delT in BRCA2.®^“®® It has been suggested that Ashke- 
nazi Jewish women consider testing for these mutations if they have 
developed early onset breast or ovarian cancer at any age regardless 
of their family history of cancer. Figure 1.7 is the pedigree of a family 
of Ashkenazi Jewish descent where six sisters had developed breast 
cancer. However, none of the sisters developed breast cancer before 
the age of 60. The proband (II: 1) was concerned about the risk to her 
daughter (III: 1) and therefore requested testing for the Ashkenazi Jew- 
ish panel of BRCAl and BRCA2 mutations. The probability that breast 
cancer in this family was due to BRCA mutations based on the Myr- 
iad tables and BRCAPRO model was 3.2% and 77.2%, respectively. The 
proband did not test positive for any of these founder mutations. Other 
predisposing mutations have been reported in individuals of Ashke- 
nazi Jewish descent.®®'®^ A comprehensive BRCA analysis for this fam- 
ily is indicated. 



Assessing Genetic Risk for Colorectal Cancer 

Colorectal cancer (CRC) is the second leading cause of death by can- 
cer in the United States. While approximately 75% to 80% of CRC is 
sporadic, it is estimated that 20% to 25% of cases are familial, and 5% 
of cases are due to FAF and hereditary nonpol 5 q)osis colorectal cancer 
(HNFCC).^®'^®'®® A person with a first-degree relative who developed 
CRC has a 2% risk by age 50 and 7% by age 70 of developing CRC.®^ 
The risk estimate will vary depending on the affected relative (parents 
or sibling) and the site of the CRC. This risk estimate may be greater 
for a family with a hereditary CRC S 5 mdrome.®° This can be empha- 
sized by the following two familial cases of CRC. 
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Figure 1.8 is the pedigree of a family wifh FAP. Familial adenoma- 
fous pol 5 qDosis accounfs for abouf 1% of CRC and is characferized by 
fhe hundreds fo fhousands of colonic adenomas fhaf develop af an 
early age. Pafienfs wifh FAP may also develop a variefy of exfracolonic 
manifesfafions, some of which are presenf in fhis family.^® The proband 
(III: 1) is an African American female who was diagnosed wifh me- 
duloblasfoma and epidermoid cysfs af ages 12 and 14, respecfively. Af 
age 15 she was diagnosed wifh desmoid fumors and FAP. Pier mofher 
(II: 2) was diagnosed wifh FAP af age 15 and succumbed fo fhe disor- 
der af age 33. She also had a history of recurrenf infra-abdominal 
desmoid fumors. A maternal aunf (II: 3) was diagnosed wifh leukemia 
in her lafe 30s, which resulfed in her deafh. The proband's grandfafher 
(1:1) was diagnosed wifh FAP af age 35 and died from fhe disorder af 
age 39. Familial adenomafous pol 5 qDOsis is caused by germline mufa- 
fions in fhe APC gene.^^“^^ Mosf of fhe over 300 mufafions fhaf have 
been reported resulf in fruncafion of fhe APC gene producf.^^ The pro- 
fein fruncafion assay^® revealed fhaf fhe proband in fhis family pos- 
sessed a mufafion in segmenf 2 of fhe APC gene producf. The 16-year- 
old brofher (III: 2) of fhe proband has a 50% chance of having inherifed 
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Figure 1.8 Family with FAP in three generations that tested positive for APC 
mutations. 



this mutation. Because mutations in APC are highly penetrable the clin- 
ical manifestations of the disorder begin to appear by age 15. Testing 
of this individual (III: 2) is indicated. 

In evaluating a patient for possible FAP one should be aware that 
certain mutations result in an attenuated form, others are more com- 
mon among individuals of Ashkenazi Jewish descent, and some result 
in extracolonic manifestations.^®'^^ Moreover, even among persons pos- 
sessing the same APC genotype intra- and interfamilial phenotypic 
variability can occur. Adenomatous pol 5 ^osis coli mutations have also 
been identified in families diagnosed with Turcot S 5 mdrome who man- 
ifest medulloblastoma.^^ These variables may make it difficult to dis- 
tinguish FAP from other hereditary colorectal syndromes. A diagnos- 
tic strategy has been proposed to assist one in making the correct 
diagnosis. 
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Hereditary nonpol 5 y>osis CRC is a hereditary cancer S 5 mdrome that 
requires a detailed FH of cancer information to diagnose the disorder 
and determine if family members would benefit from mutation test- 
ing. This is an autosomal-dominant inherited disorder that accounts 
for approximately 1% to 4% of all CRC. This syndrome has been de- 
fined by several criteria. The most stringent is the Amsterdam criteria, 
which requires three relatives, one of whom is a first-degree relative 
of the other two, diagnosed with CRC in two generations, with one or 
more cases diagnosed before the age of 50.^® The Modified Amster- 
dam®® and Amsterdam include cancer at several extracolonic sites. 
These include the endometrium, ovary, stomach, small bowel, hepa- 
tobiliary tract, pancreas, ureter, renal pelvis, and breast.^°^'^°^ The 
Bethesda Guidelines are less stringent that the Amsterdam ones and 
emphasizes the patient's history of cancer.^°^ The Bethesda Guidelines 
also were designed to help determine which patients should be tested 
for microsatellite instability (MSI). 

Hereditary nonpolyposis GRC is due to mutations that occur in sev- 
eral mismatch repair (MMR) genes, although most testing is limited to 
hMSHI and hMLHl, where the majority of the HNPGG predisposing 
mutations occur. It has been estimated that 1 of 10,000 individuals 
in Western countries carries a mutation in one of the MMR genes. 

Of all the clinical criteria available, the Bethesda Guidelines have been 
reported as the most sensitive, but they are less specific than some tests 
for identifying patients with deleterious MSH2 and MLHl mutations. 
The sensitivity and cost-effectiveness is increased if one can screen the 
tumor of a family member for MSI.^°^ Mutations in MSH2 and MLHl 
are also found in Muir-Torre S 5 mdrome, a variant of HNPGG.^^ 

Figure 1.9 is a pedigree of a family that meets the Amsterdam Gri- 
teria for HNPGG. The proband (III: 1) was a 38-year-old white female 
who was diagnosed with GRG at age 36. On the maternal side of her 
family the only reported cancer was leukemia in an aunt (II: 5) diag- 
nosed at age 33. Her father (II: 1) was diagnosed with GRG at age 48, 
as was a paternal uncle (II: 6) at age 35. Her paternal grandmother 
(I: 4) was diagnosed with colon and breast cancer at ages 50 and 53, 
respectively. The BRGAPRO model estimated a probability of 56.2% 
that GRG in this family was due to a mutation in MSH2 or MLHl. Test- 
ing the proband for mutations in these MMR genes revealed a G67R 
variant in MLHl. This variant results in the substitution of arginine for 
glycine at amino acid position 67 of the MLHl protein. The effect of 
this variant on the function of the MLHl protein is not yet known, and 
studies to date have not established its clinical significance. There could 
be mutations in the other MMR genes, which were not analyzed, that 
could result in the GRG observed in this family. This is another exam- 
ple where sequencing known genes currently available for testing did 
not define the cause of GRG. Although the siblings and child of the 
proband are at risk for GRG, based on the family history, their risk 
could be higher if it could be determined whether they carry a mutation. 
If an individual has developed GRG and carries a mutation in one of the 
MMR genes, he or she has a risk of developing another GRG or can- 
cer in one of the extracolonic sites, which is a characteristic of HNPGG. 
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Figure 1.9 HNPCC family that meets the Amsterdam Criteria. 



Assessing Genetic Risk for Melanoma 

Cutaneous melanoma is one of the few cancers that have been in- 
creasing in incidence and mortality in the white population of the 
United States. The average armual incidence rate during 1990 to 1997 
was 15.3 for males and 10.2 for females per 100,000 people. This rep- 
resented an armual percent change of 2.9 and 2.2 for males and females, 
respectively, during this time period. Lifestyle, sun exposure, fair skin. 
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light-colored eyes, poor ability to tan. Northern European or Celtic eth- 
nicity, family history, benign nevi, and various major histocompatibil- 
ity complex alleles have been reported as risk factors for cutaneous 
melanomad°®“^^^ Approximately 8% to 12% of melanoma cases are 
thought to be familial. Mutations in CDKN2A, a tumor suppressor gene, 
are at present the most common cause of inherited susceptibility to cu- 
taneous melanoma. Mutations in this gene have been observed 
in approximately 40% of cutaneous melanoma families. 

Figure 1.10 is a pedigree of a family with multiple cases of cutaneous 
melanoma. The proband (II: 1) is a 46-year-old female who presented 
with melanoma at age 43. The proband is of Celtic ancestry and has a 
history of dysplastic nevi, many of which have developed into cuta- 
neous melanoma. She has a brother (II: 2) and sister (II: 3) who pre- 
sented with cutaneous melanoma at ages 44 and 18, respectively. A 
half-sister (II: 4) also developed cutaneous melanona in her early 40s. 
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Figure 1.10 Familial melanoma family that tested negative for CDKN2A. 
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Her mother (I: 2) presented with cutaneous melanoma at age 41 and 
breast cancer at age 45. Her father (I: 1) was diagnosed with CRC at 
age 68. Genetic testing on the proband was conducted for germline 
coding mutations in exons 1 and 2 of the CDKN2A gene. No evidence 
was found for mutations in this segment of the gene. This family may 
represent one of those whose cutaneous melanoma is due to mutations 
in other exons of the CDKN2A gene, in noncoding regions, or in genes 
not yet defined. 



Considering the Genetic Risk of Cancer 
for All Family Members 

When assessing a person for his or her genetic risk of cancer one must 
be cognizant of all members of the family who may be at risk. Often, 
the person seeking the risk assessment will not be the member of the 
family at greatest risk. The pedigree shown in Figure 1.11 is an exam- 
ple. The proband (III: 1) is a 44-year-old white female who was referred 
due to the presence of cancer in her father (II: 1) and three of his sib- 
lings (II: 7, II: 8, and II: 9). As part of a cancer genetic risk assessment 
we ask the proband to obtain information on both the paternal as well 
as the maternal sides of their family. When the information was ob- 
tained on the family presented in Figure 1.11, and their pedigree con- 
structed, three maternal first cousins (III: 4, III: 5, and III: 6) were re- 
ported as having presented with thyroid cancer at ages 43, 41, and 30, 
respectively. Given the history on the paternal side of the family the 
proband had a slightly increased risk of GRG based on a paternal aunt 
(II: 9) having developed GRG at age 50. However, the patient's great- 
est risk could possibly be for thyroid cancer. From 10% to 15% of all 
thyroid cancers are medullary thyroid carcinomas. If the thyroid can- 
cers in her cousins were medullary thyroid cancers, then with three 
members in a family being affected this would meet the criteria for fa- 
milial medullary thyroid cancer. 

Familial medullary thyroid cancer can occur as a site-specific tumor 
or as one of the manifestations of multiple endocrine neoplasia (MEN) 
type 2 A or 2B. These S 5 mdromes are associated with germline muta- 
tions of the RET proto-oncogene. MEN2A is inherited as an autoso- 
mal dominant trait with high penetrance. By age 70, 65% to 70% of 
individuals with MEN2A have developed one of the associated can- 
cers. The vast majority of all cases of familial medullary thyroid can- 
cer, MEN2A and MEN2B, have a mutation in the RET gene, with cases 
reporting as early as age 5 to 6.™ The proband in Figure 1.11 was in- 
formed of the possibility of familial medullary thyroid cancer and in- 
structed to communicate to her cousins their possible risk and the need 
to seek a genetic evaluation. Although the duty of the healthcare 
provider to inform other family members of their risk is unclear, there 
has been some litigation on this issue. It seems prudent to at least 
discuss with the proband the estimated risk of other family members 
and ask that they contact them and strongly suggest they seek med- 
ical evaluation. 
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Figure 1.11 Family with familial thyroid cancer. 



Conclusions 

Assessing a patients' genetic risk is a complex undertaking. As sum- 
marized in Table 1.3 assessing cancer genetic risk is a multistep pro- 
cess that intimately involves the patient in obtaining information of 
their family. After a FH of cancer information is obtained and a risk 
estimate is generated, genetic counseling is recommended by several 
societies and required by several third-party carriers if genetic testing 
should subsequently be ordered. The counseling session should not 



Table 1.3 Process of cancer genetic risk assessment. 



Obtain family history of 
disease information 
Confirm family history of 
disease information 
Construct a pedigree 
Proband confirms pedigree 



Assess cancer risk 
Conduct genetic counseling 
Genetic testing if indicated 
Postgenetic test counseling 
Preventive interventions 
Follow-up 
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only cover the genetic features of the disorder and the estimated risk 
for the proband and other family members but should also cover the 
appropriate cancer screening programs and preventive interventions 
that might be considered. In some cases, e.g., FAP and medullary thy- 
roid cancer, it is imperative that genetic testing be undertaken. It should 
be recognized by the healthcare provider that one's FH of disease is 
not static. Therefore, the proband should be informed that his or her 
risk and the risk of family members might change should additional 
cases of cancer appear in the family. There should also be available 
medical specialists that the patient can be referred to should cancer 
screening and / or preventative interventions be indicated. 

As was illustrated by several of the cases presented, there is still a 
void in our knowledge of hereditary cancer. Flowever, the knowledge 
is increasing exponentially. In the future healthcare providers will have 
the tools to more accurately predict and presymptomatically diagnose 
cancer. The expectation is that this ability will lead to prevention of 
more cancer or a higher cure rate. As new information on the genetics 
of cancer becomes available, the issue arises as to the duty of the health- 
care provider to recontact their patients. It has been suggested that at 
present a duty to recontact patients does not exists; it would raise sub- 
stantial legal and ethical arguments, and the risk-benefit of such ac- 
tion is not clear. Flowever, the power of genetic information is be- 
coming so great that this issue will most certainly receive greater 
attention in the future. The genetic revolution has captured the imag- 
ination of the public. More and more patients are becoming aware of 
their family history of disease and asking their physician about the im- 
pact of this information on their health. Thus, healthcare providers are 
being increasingly challenged by their patients to stay abreast of these 
advances. 
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Genetic Counseling for Inherited 

Cancer Syndromes 

Jill M. Yelland 



"Once again society turns to genetic counselors to do what they do best — to guide 
us through the human aspects of the dilemmas genetic knowledge brings ."^ — ^Judy 
Garber, MD, MPH, Director, Cancer Risk and Prevention Program, Dana Far- 
ber Cancer Institute 

While all cancers are genetic, only a fraction are part of a heredifary 
disorder. This small yef significanf percenfage of inherifed cancers rep- 
resenf a disease of families — nof individuals — ^whose members are af 
an increased risk for developing cancer due fo genefic alferafions 
passed fhrough fhe germline. Genefic counseling is an infegral service 
fhaf should be provided fo each pafienf or family wifh a known or sus- 
pecfed inherifed cancer. The role of fhe genefic counselor in fhe med- 
ical evaluation and managemenf of high-risk cancer pafienfs is vasf — 
from uncovering and analyzing fhe family medical history, fo pafienf 
education, fo identifying and inferprefing genefic fesfs, fo enlisting fhe 
pafienf in clinical frials and supporf groups, all while guiding fhe pa- 
fienf fhrough powerful emofional responses fo each of fhese sfeps. By 
parficipafing in fhe genefic counseling process, pafienfs receive infor- 
mation fhaf may drasfically influence fheir cancer screening and man- 
agemenf plan, as well as fheir risk percepfion and qualify of life.^ The 
medical and psychosocial benefifs from genefic counseling may exfend 
beyond fhe pafienf fo include relatives who may have ofherwise re- 
mained anonymous wifhin fhe healfhcare sysfem. 

Many medical centers employ specially framed genefic counselors, 
or af fhe leasf a well-designed family hisfory questionnaire, fo assisf in 
fhe idenfificafion of pafienfs who are af risk for inherifed cancers. Once 
a high-risk pafienf or family is identified, fhe genefic evaluafion and 
counseling process should begin. During fhis time, fhe cancer genefic 
counselor assumes fhe primary role in pafienf education abouf cancer 
genefics, inherifance, genefic fesfing, and heightened surveillance pro- 
grams. The genefic counselor also idenfifies and inferprefs genefic fesf 
resulfs and provides referrals fo supporf groups and specialisfs while 
addressing any psychological issues fhan may arise. A general oufline 
of fhe genefic counseling process is presenfed in Figure 2.1. 
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Figure 2.1 Flow diagram illustrating the process of genetic counseling. Cancer risk counseling usually 
occurs during the first visit, with a second visit required for genetic testing. Results and screening rec- 
ommendations are discussed during a third face-to-face encoimter. 



Current Philosophy in Genetic Counseling 

In 1947 geneticist Sheldon Reed at the University of Minnesota pro- 
posed the phrase "genetic counseling" to describe a process that had 
been practiced in multiple forms and wifh a variefy of goals for 
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decades.^ From eugenics to psychotherapy, the tenets of genetic coun- 
seling have evolved to reflect both scientific advances and social norms 
while incorporating the patient's core value systemd 

Eugenics 

The original form of what may be loosely classified as genetic coun- 
seling is known as eugenics. The first description of eugenics is cred- 
ited to Francis Galton, a cousin of Charles Darwin, who proposed the 
establishment of social agencies aimed to "improve or impair racial 
qualities of future generations, either physically or mentally."®'^ Eu- 
genics referred to a social policy that purported to eliminate poverty, 
crime, and other socially undesirable situations while promoting in- 
telligence and artistic ability. The eugenic movement was prominent 
in the late 19th and early 20th centuries and involved not only the sci- 
entific community but also many prestigious lawyers, politicians, and 
clergy. In the United States, eugenic ideas were widely accepted, and 
by 1926 nearly half of the 48 states had laws mandating that "mentally 
defective" individuals be sterilized.^'® The potential impact of eugenic 
ideology was not realized until the rise of Adolf Flitler and the Nazi 
party in Germany in the 1930s and 1940s. Under Flitler's reign, eu- 
thanasia for the "genetically defective" was legalized in 1939 and ulti- 
mately led to the deaths of more than 70,000 people with genetic dis- 
orders. This number is in addition to the Jews and many others killed 
during the Flolocaust.^'^ 

Preventive Model 

During the 1950s, the science of genetics and practice of genetic coun- 
seling focused on prevention rather than elimination as a means for 
social and community improvement. Gentral to this new preventive 
model was the study of disorders that follow predictable patterns 
within certain families. During this time, due to the lack of available 
diagnostic tests for genetic conditions, families were given information 
based on empirical risks and disease characteristics and in many cases 
simply encouraged to avoid childbearing.^ 

Client-Centered Model 

In 1947, Reed proposed that genetic counseling should aim to benefit 
the individual or family rather than the community.^ Scientific advances 
that occurred in both the biochemical and cytogenetic laboratories dur- 
ing the 1960s and 1970s expanded the options available for many ge- 
netic counseling patients, from amniocentesis and the identification of 
chromosomal aberrations in the fetus to adult carrier testing for a num- 
ber of metabolic conditions. The philosophy of genetic counseling 
expanded as well. During this time, genetic counselors strived to edu- 
cate patients about disease, risks, and options, generally in a nondi- 
rective maimer. 

Nondirectiveness and client-centered therapy are counseling princi- 
ples that were originally proposed in 1942 by renowned psychothera- 
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pist Carl Rogers.^"^ Incoporating Rogers' principles into the process of 
genetic counseling serves to promote patient autonomy by shifting the 
role of decision-maker from fhe healfhcare provider fo fhe pafienf. In fhe 
clienf-cenfered model of genetic counseling, fhe pafienf is empowered 
fo make decisions abouf genefic fesfing and disease managemenf fhaf 
are consonanf wifh his or her needs, values, and life goals. Alfhough 
nof necessarily achieved (nor ideal) in every counseling sifuafion, 
nondirectiveness has become a fenef of modern genefic counseling. 



Current Philosophy 

Although a primary expectation of mosf pafienfs is fo receive infor- 
mation during genefic counseling, if is offen also necessary for fhe pa- 
fienf fo deal wifh his or her emofional response before fhe information 
can be assimilafed and acfed upon.^® Genefic counseling should fhere- 
fore incorporafe an exploration of fhe pafienf's family and social dy- 
namics, as well as cognitive sfafus and emofional needs. In fhis psy- 
chofherapeufic model of genefic counseling, fhe genefic counselor 
"musf be able fo recognize and elicif fhese facfors, identify normal and 
pafhological responses, reassure [pafienfs] . . . fhaf fheir reactions are 
normal, prepare fhem for new issues and emotions fhaf may emerge 
in fhe fufure, and help fhem marshal infrinsic and exfrinsic resources 
fo promofe coping and adjusfmenf."^ 

In 1975 fhe American Sociefy of Human Genefics offered a descrip- 
fion of genefic counseling fhaf is now widely referenced as fhe classic 
definition. Undersfanding fhe componenfs of fhe process described, and 
fhe complexify of each, is crifical for any physician or ofher healfhcare 
provider who infends fo provide genefic counseling fo his or her 
pafienf. 

Genetic counseling is a communication process which deals with the human problems 
associated with the occurrence or risk of occurrence of a genetic disorder within a fam- 
ily. This process involves an attempt by one or more appropriately trained persons to 
help the individual or family to: (1) comprehend the medical facts including the diag- 
nosis, probable course of the disorder, and available management, (2) appreciate the 
way heredity contributes to the disorder and the risk of recurrence in specified rela- 
tives, (3) understand the alternatives for dealing with the risk of recurrence, (4) choose 
a course of action which seems to them appropriate in view of their risk of recurrence, 
their family goals, and their ethical and religious standards and act in accordance with 
that decision, and (5) to make the best possible adjustment to the disorder in an af- 
fected family member and/or to the risk of recurrence of that disorder . — American So- 
ciety of Human Genetics^^ 

Table 2.1 lisfs fhe seven primary goals of modem genefic coimselrng. 



Genetic Counselors 

The vasf majorify of genefic counselors are specially framed medical 
professionals who have obfained af leasf a masfer's degree from one 
of fhe approximafely 24 accredifed genefic counseling programs in fhe 
Unifed Sfafes and abroad. These graduafe level programs provide di- 
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Table 2.1 Current principles of modern genetic philosophy. 

Voluntary participation 
Equal access by all populations 
Public and patient education 
Protection of privacy 
Nondirective counseling 
Psychological assessment 
Confidentiality 



dactic coursework as well as diverse clinical training experiences. Al- 
though most genetic counselors have graduated from specialized post- 
graduate training programs, nurses with additional training in genet- 
ics have also assumed the role of genetic counselor at some institutions. 
Genetic counselors provide a valuable contribution to the cancer clinic, 
having received training that prepares them to identify, collect, and an- 
alyze family history data and medical records, as well as perform risk 
assessments, and provide patient education and supportive counsel- 
ing to families at risk for cancer.^® 

Genetic Counseling for Inherited Cancer 

Most patients who participate in genetic counseling do so because a 
physician has referred them. A smaller but increasing number of pa- 
tients contact the genetic counselor directly. Regardless of how the pa- 
tient arrives for genetic counseling, his or her experience must be com- 
prised of nine components. Listed in Table 2.2, each component should 
be addressed to ensure effective and thorough genetic counseling for 
every patient. 

Collecting Medical Information 

The family medical history is the key to the diagnosis of hereditary 
cancer.^® A cancer patient who tells his oncologist or surgeon that can- 
cer "runs" in his family and affects family members at strikingly early 
ages may learn about alternative forms of therapies, such as a chemo- 
prevention trial for his healthy younger sister. Alternatively, a primary 



Table 2.2 Key components of the cancer genetic 
counseling service. 

Collecting medical information 

Pedigree construction (three-generation minimum) 

Establishing or verifying diagnosis 

Risk assessmenf 

Patient education 

Genetic testing and informed consenf 
Results disclosure and interpretation 
Risk management discussion 
Psychological counseling 
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care or other physician who inquires about the family history of her 
healfhy female pafienf may learn fhaf she has a significanfly increased 
risk for developing cancer because of fhe unusual number of relatives 
who have been affecfed by fhe disease af an unusually early age. Ge- 
netic counseling and subsequenf fesfing may reveal fhaf fhere is a fa- 
milial cancer suscepfibilify mufafion buf fhaf fhe pafienf does not carry 
fhe gene. Her risk is no higher fhan fhaf of fhe general population and 
far less fhan whaf she had perceived her risk fo be. 

In some cenfers, comprehensive information abouf a pafienf's per- 
sonal and family hisfory information is gafhered before fhe firsf ap- 
poinfmenf wifh fhe genefic counselor. Af ofher cenfers, fhe genefic 
counselor may meef wifh fhe pafienf prior fo receiving all of fhe in- 
formation abouf his or her personal and family medical hisfories fo 
firsf esfablish a face-fo-face relationship wifh fhe pafienf. Cenfers may 
employ bofh mefhods, choosing which one fo use depending on fhe 
needs of fhe pafienf. 

To obfain and documenf information, pafienfs should be provided 
wifh a quesfiormaire fhaf asks defailed questions abouf personal and 
family medical hisfory. For example, age af menarche, age af delivery 
of firsf child, and hisfory of oral confracepfive use are examples of in- 
formation fhaf should be elicifed from a female pafienf who is infer- 
esfed in her own risk for breasf cancer. T 5 q)e and sife of primary can- 
cer, age af diagnosis, and currenf age or age af deafh are all imporfanf 
pieces of informafion fhaf should be asked abouf each affecfed family 
member when obfaining fhe family medical hisfory. Table 2.3 ouflines 
fhe basic elemenfs of personal and family medical hisfory fhaf should 
be obfained for each pafienf. 

A pafienf's frue risk for cancer will remain hidden, and his or her 
well-being may be jeopardized if fhe family medical hisfory is nof ad- 
equafely explored. Failing fo idenfify high-risk pafienfs or accurafely 
analyze a family hisfory may lead fo inappropriafe genefic fesfing, in- 
accurafe inferprefafion of genefic fesf resulfs, and inadequafe screen- 
ing recommendations.^® The pafienf and ofher family members may 
also be deprived of fherapeufic infervenfions fhaf are reserved for fhe 
high-risk populafion or may remain unaware of fhe presence of a lo- 
cal supporf group of similar families. 

Pedigree Construction 

The nexf step in the process of a cancer genetic risk assessment is to 
use the family history of cancer information to construct a pedigree. 
The pedigree is a tool of paramount importance in the cancer genetics 
evaluation process. By providing a pictorial representation of the med- 
ical history of a family, the pedigree provides a basis for cancer risk 
analysis. A basic pedigree should represent an entire family, including 
at least three generations of all known maternal and paternal relatives. 
In 1995, Bennett et al. published standardized symbols to represent in- 
dividual family members, relationships, and health status (Tables 2.4.1 
and 2.4.2) .21 
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Table 2.3 Components of a complete medical history. 

Family history 

At least three generations 
Ethnic background 
For affected individuals 

Type and site of primary cancer 
Age at diagnosis of each primary cancer 
Treatment facility /location 
Occupational / environmental exposures 
Age at death /current age 

Personal history 
Date of birth 

Cancer diagnosis information (if affected) 

Site and type 
Age at diagnosis 

Current cancer screening methods 
Type 

Frequency 

Results 

Other medical conditions (e.g., ulcerative colitis) 
Gynecologic history (female patients) 

Age at menarche 
Age at birth of first liveborn 
Number of pregnancies 
Hormone exposures 
Dietary habits 
Caffeine 
Tobacco 
Alcohol 

Occupational exposures 

Physical findings (congenital or skin defects) 



Once the nuts and bolts of the pedigree are compiled and the family 
is represented pictorially, appropriate information should be recorded 
on the pedigree. The current age or date of birth of each relative should 
be recorded, regardless of whether or not the individual is affected with 
cancer or another disorder. The presence of healthy relatives who have 
reached an older age may have significant implications for the patient. 
For example, during Bayesian analysis (a risk assessment process de- 
scribed later in this chapter) certain healthy relatives may be taken into 
account and influence the risk assigned to the patient. 

Important information about relatives who have been diagnosed 
with cancer should also be properly documented on the pedigree. 
While the pedigree symbols indicate the type(s) of cancer with which 
a relative has been diagnosed, the age at diagnosis should be recorded 
below the individual's symbol. Because inherited cancers tend to oc- 
cur earlier in families than sporadic cancers, age of onset is a critical 
piece of information that must be obtained for each affected family 
member for accurate risk assessment for the patient. For patients who 
cannot recall or do not know the exact date of diagnosis or the age at 
which the relative was diagnosed, a rough estimate is acceptable. 
Knowing that a paternal aunt was in her 40s (and not her 80s) when 
she was diagnosed with colon cancer provides important information 
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Table 2.4.1 Common pedigree symbols, definitions, 
and abbreviations. 





Male 


Female 


Sex 

unknown 




6 


6 


6 




b.l925 


30 y 


4 mo 


Affected individual (define shading in key) 


i 


4 


i 


Affected individual (more than one condition) [j 


4 


1 


Multiple individuals, number known 


m 


d) 


<s> 


Multiple individuals, number unknown 




6 




Deceased individual 










d. 35 y 


d. 4 mo 




Stillbirth (SB) 




A 






SB 


SB 


SB 




28 wk 


30 wk 


34 wk 


Pregnancy (P) 


6 


d) 






LMP: 7/1/9 


20 wk 




Spontaneous abortion (SAB); ectopic (ECT) 


A 


A 


A 




male 


female 


EOT 


Affected SAB 


X 


X 


X 




male 


female 


16 wk 


Termination of pregnancy (TOP) 




A 


A 




male 


female 




Affected TOP 


A 


A 


A 




male 


female 






16 wk 






Proband 


i 


> 


> 




P 

I 


P 

1 


p 


Consultand 









Source: Adapted with permission from Bennett et al.^^ 



about the potential for genetic susceptibility. Obtaining medical records 
on the individual in question may also clarify any uncertainties. 

The physical and mental health status of the patient and each rela- 
tive should also be recorded on the pedigree. Recurring conditions may 
be coded in the pedigree key, while less common illnesses are recorded 
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Table 2.4.2 Pedigree line definitions. 



Definitions 



Comments 



Sibship 
line 



\ 



D 






Relationship line 



o 



Line of descent 



6 



1^ Individual 

line 



If possible, male partner should be to left of female partner 
on relationship line 

Siblings should be listed from left to right in birth order 
(oldest to youngest) 

For pregnancies not carried to term (SABs and TOPs), the 
individual's line of descent is shortened 



Relationship line (horizontal) 



a. Relationships 




b. Consanguinity 



□=o 



A break in the relationship line (represented by 
slashes) indicates the relationship no longer 
exists 

Multiple previous partners do not need to be 
shown if they do not affect genetic 
assessment 

If degree of relationship is not obvious from 
pedigree, it should be stated (e.g., third 
cousins) above relationship line 



Line of descent (vertical or diagonal) 



a. Genetic 




Biologic parents shown 




Twins Monozygotic 


Dizygotic 


Unknown 

dhn 


A horizontal line 
between the symbols 
implies a 
relationship line 


Family history not 
known/ available for 
individual 


? 

6 


? 

6 






No children by 
choice or reason 
unknown 




^ or ^ 

Vasectomy tubal 


Indicate reason. 


if known 


Infertility 


D-i-O 


□ or p 


Indicate reason. 


if known 




Azo-ospermia endometriosis 




b. Adoption In 


-o 


Out 

□-|-0 


By relative 

Op5^ 


Brackets are used for 
all adoptions. Social 
vs biologic parents 


□ [□] 


[□] 


O 


denoted by broken 
and solid lines of 
descent, respectively 



Source: Adapted with permission from Bennett et al.^^ 



under the affected individual's symbol. Although the patient may just 
be seeking information about his or her cancer risks, other medical in- 
formation learned may indicate an increased risk for other conditions. 
A woman who has a son with Klinefelter's S 5 mdrome (caused by the 
presence of an extra X chromosome in males) who learns that she car- 
ries a mutation in the BRCA2 gene should be informed that her son 
has a furthered increase to his own risk to develop breast cancer. A 
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man who is concerned about the number of colon cancers on his 
mother's side of fhe family may also be af risk for early-onsef Alzhei- 
mer's disease because of his older brofher's recenf diagnosis. 

A quesfiormaire fhaf asks specific questions abouf a pafienf's family 
hisfory of cancer may be senf fo fhe pafienf prior fo fhe firsf appoinf- 
menf so fhaf baseline analysis can begin. The pedigree can fhen be up- 
dafed or modified during fhe appoinfmenf and as medical records are 
received. 



Ethnic Background 

Ethnic background is also an important piece of informafion fhaf 
should be asked of each pafienf. Cerfain genetic condifions and mufa- 
fions are more common in some efhnic populafions. When assessing a 
woman's risk for heredifary breasf cancer, fhe knowledge fhaf she is 
of Ashkenazi Jewish descenf influences her options for genetic fesfing 
as well as her predicfed risks for developing breasf or ovarian cancer. 
Three specific poinf mufafions (185delAG or 5382insC in BRCAl or 
6174delT in BRCAl) accounf for more fhan 90% of all inherifed BRCAl 
and BRCAl mufafions in fhe Ashkenazi Jewish population, wifh over 
2% of individuals of Ashkenazi Jewish descenf carrying one of fhese 
"founder mufafions."^^"^^ Ashkenazi Jewish women should consider 
fesfing for fhese mufafions if fhey have developed early-onsef breasf 
cancer or ovarian cancer af any age, regardless of fheir family hisfory 
of cancer. BRCA mufafions are far more prevalenf in women of Ashke- 
nazi Jewish descenf who are affecfed wifh ovarian cancer fhan in af- 
fecfed non-Ashkenazi Jewish women.^^ For individuals who carry one 
of fhese founder mufafions, fhe risk for breasf cancer is 45%, and fhe 
risk for ovarian cancer is 15%.^^ 

Many genefic fesfing laborafories offer fesfing for fhe fhree Ashke- 
nazi Jewish founder mufafions on a single fesf panel af a cosf far less 
fhan gene sequencing. Insfead of full sequencing of fhe BRCAl and 
BRCAl genes, an Ashkenazi Jewish woman may opf for mulfisife fesf- 
ing. Of course, she should be properly educafed abouf fhe benefifs and 
limifs of each fesf opfion before making her decision. If mulfisife fesf- 
ing is negafive, fhe pafienf should be aware of fhe opfion of proceed- 
ing wifh full sequencing because as many as 1 of 10 Ashkenazi Jewish 
families wifh heredifary breasf cancer may have a nonfounder mufa- 
fion as fhe cause of fheir high cancer suscepfibilify. 

In addition, fhe I1307K allele in fhe adenomatous pol 5 q>osis coli 
(ARC) gene appears fo accounf for clusferings of colon cancer in some 
Ashkenazi Jewish families and may double fhe risk for colorecfal can- 
cer in Ashkenazim.^®"^® The I1307K allele was reporfed in 6.1% of all 
Ashkenazi Jewish individuals fesfed, in 10.4% of fhose affecfed wifh 
colorecfal cancer, and in 28% of fhose affecfed wifh colorecfal cancer 
in addifion fo having a posifive family hisfory.^® These findings cur- 
renfly supporf fhe classification of fhe I1307K allele as a minor col- 
orecfal cancer suscepfibilify gene, buf fhe lack of dafa regarding fhe 
clinical implications for carriers limifs fhe ufilify of clinical genefic fesf- 
ing for fhis allele.®® 
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Documentation 

Once the pedigree is constructed, the names of the people who 
recorded and provided the information should be included somewhere 
in the pedigree. The date the information was obtained (such as the 
date of the patient's appointment) should also be documented. When 
new information is learned, the pedigree should be updated, and the 
date of the most recent modification or addition added. 

Establishing or Verifying Diagnosis 

Medical records should be obtained to establish or verify the cancer 
diagnoses within the family. Death certificates, pathology and autopsy 
reports, and office visit dictations are examples of the different t 5 qDes 
of information that may be gathered for this purpose. Although records 
may not be available for each affected family member, the efforts to 
obtain documentation of diagnoses may result in an interpretation of 
the family history that is drastically different from the history reported 
by the patient. 

The importance of verifying diagnoses is demonstrated in Figure 2.2. 
In this example, the history reported by the patient is significant, but the 
information does not necessarily fit any of the known inherited cancer 
syndromes. However, once medical records were received, a different 
picture emerged, and the patient's risk for cancer was much clearer. 

Physical Exam 

A physical examination by a physician may also need to be performed 
to establish a diagnosis for a patient. For example, a physical exam and 



Before review of medical records 



After review of medical records 





Figure 2.2 In the "before" pedigree (left), constructed from information obtained on a questionnaire, a 
24-year-old patient reports an aunt with bone cancer and a grandmother who had "female problems." 
The "after" pedigree (right) reflects changes made after medical records were received on the affected 
family members. The new information learned from review of the medical records revealed that the 
patient's risk for breast and ovarian cancer is drastically increased. She is also identified as an appro- 
priate candidate for genetic testing of the BRCAl and BRCA2 genes based on this new information. 
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Table 2.5 Physical characteristics and mode of inheritance for selected 
cancer syndromes. 



Syndrome 


Primary cancer risks 


Physical findings 


Inheritance (gene) 


Cowden's syndrome 


Breast cancer, 
thyroid cancer 


Facial and oral papules; 
macrocephaly 


Autosomal 
dominant (PTEN) 


TAP 


Colon cancer 


Multiple polyps; retinal 
pigmentation (CHRPE); 
desmoids tumors; 
sebaceous cysts; 
impacted teeth; 
osteomas 


Autosomal 

dominant 

(APC) 


Turcot syndrome 


Colon cancer and 
brain tumors 
(medulloblastoma and 
glioblastoma) 


Polyps; cafe-au-lait 
spots; sebaceous cysts 
on skin 


Autosomal 
dominant (APC, 
MLHl, MSH2) 


Muir-Torre 

syndrome 


Colon cancer and 
skin cancers 


Sebaceous adenomata; 
keratoacanthomata ; 
basal cell carcinoma 


Autosomal 
dominant (MSH2) 


Peutz-Jeghers 

syndrome 


Breast cancer and 
colon cancer 


Pigmented spots on lips, 
perioral areas, buccal 
mucosa, and extremities 


Autosomal 

dominant (STKIT) 


Multiple endocrine 
neoplasia, type 2B 


Medullary thyroid 
carcinoma, 
pheochromocytoma 


Enlarged, nodular lips 
marfanoid habitus 


Autosomal 

dominant (MEN2) 


Neurofibromatosis, 
Type 1 


Neurofibroma, opfic 
glioma 


Cafe-au-lait spots, 
axillary freckling, 
macrocephaly, Lisch 
nodules, pseudoarthrosis 


Autosomal 

dominant (NFl) 



review of medical records may lead to a diagnosis of the rare Peutz- 
Jeghers S 5 mdrome in a patient with multiple colorectal pol 5 ^s. Table 
2.5 highlights the primary physical findings associated with selected 
inherited cancer syndromes. 

Risk Assessment 

Perhaps one of the most critical components of the genetic counseling 
process is risk assessment. Cancer risk assessment is influenced by four 
entities: the patient's knowledge of cancer genetics, the patient's psy- 
chosocial state, technologies currently available, and modern cancer 
management techniques.^^ The risk that is provided to the patient in 
turn influences decisions about postmenopausal hormone replacement 
therapy, the age at which to begin mammograms, the use of tamoxifen 
in breast cancer prevention, and surgical options such as mastectomy 
and oophorectomy.^^ Information obtained by interview, question- 
naire, and medical records should be carefully reviewed for incorpo- 
ration in the risk assessment process. The risk provided to a patient 
should be calculated based on the patient's family history and personal 
medical history. A number of risk models and calculation methods are 
described below. 
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Bayes Method 

Bayesian analysis is used in risk assessment when additional informa- 
tion is available that may modify risks that are calculated using 
mendelian probabilities. Bayes theorem combines prior and conditional 
probabilities to provide joint and posterior probabilities of unknown 
and often mutually exclusive events. In other words, a patient's 
mendelian risk for cancer can be modified by mathematically ac- 
counting for cancer status, current age, and test results. Bayesian anal- 
ysis may be used to determine the probability of being a gene carrier, 
the probability of a disease being present (in patient or offspring), and 
the probability of a disease being present if a test is positive (also known 
as the positive predictive value of a test). An example of Bayesian anal- 
ysis is presented in Figure 2.3.^^ 

Breast Cancer Risk Models 

Looking beyond the pedigree, additional patient and family history in- 
formation may be incorporated into one of the available multidimen- 
sional risk assessment models when assessing the risk for breast can- 
cer. The most widely used model is the Gail model, which is derived 
from the Breast Cancer Detection Demonstration Project (BCDDP).^^ 
The BCDDP was a large mammogram-based screening program con- 
ducted in the 1970s. Incorporating the number of affected family mem- 
bers, patient history of breast biopsy, age at menarche, and age at first 
live birth, the Gail model provides 5-year and lifetime risk estimation 
for breast cancer. These risk numbers are derived by obtaining and 
multiplying the relative risks from several categories in addition to 
family history, and then multiplying this product by a population risk 
to yield the patient's cancer risk at 5 years and over lifetime. An on- 
line version of the model can be found on the National Cancer Insti- 
tute's website at http://bcra.nci.nih.gov/brc/ Astra-Zeneca also sup- 
plies handheld units to quickly calculate a patient's risk using the Gail 
model. 

The Claus model is the second of the two commonly used breast can- 
cer risk prediction models. The Claus model was derived from data 
obtained during the Cancer and Steroid Hormone (CASH) Study, a 
large case-control study of breast cancer patients. This model takes both 
paternal and maternal family histories into account by including first- 
and second-degree relatives of the patient. The risk numbers are also 
based on the assumed prevalence of high-penetrance genes for sus- 
ceptibility to breast cancer at the time the CASH Study was completed. 
The Claus model provides the patient with a series of cancer risk pre- 
dictions, one for each decade of life from age 29 to 79 (Table 2.6).^^ 

These models are useful, although each has limitations that should 
be understood and explained to the patient whose risk is being calcu- 
lated. The Gail model does not incorporate information about the pa- 
tient's paternal relatives (such as a paternal aunt and cousin with breast 
cancer) and in general appears to underestimate the risk for younger 
women who are not undergoing routine screening by mammography. 
The Claus model ignores factors outside of family history. Neither 
model is appropriate for families with an identified genetic mutation 
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Sheila is a 45 year-old woman who calls a genetic counselor because she is concerned 
about her risk for breast cancer. She reports that her cousin has tested positive for a 
mutation in the BRCAl gene. Sheila also informs the counselor that while her 
cousin's mother had breast cancer in her 40's, her own 71 year-old mother, Mary, is 
healthy. Two other family members also had breast cancer. The basic pedigree is 
shown below. 




breast cancer 

= healthy mutation 
carrier 



Sheila's risk based on Mendelian analysis is 25%. Mary's Mendelian risk is 50%. 
These risks, however, can be modified by the information Sheila was able to 
provide about her mother Mary as well as by her own health status. 

First, because Mary has reached the age of 71 without developing breast cancer, the 
likelihood that she carries the familial mutation in the BRCAl gene is reduced. 
Mary's posterior probability of carrying the BRCAl mutation given that she is 
healthy [p(C/U)] is calculated using the following Bayesian equation; 

p(C/U) = p(U/C)p(C) / [p(U/C)p(0] -H [p(U/NC)p(NO 

where, p(U/C) = probability of being unaffected if a gene carrier 
p(C) = probability of being a gene carrier 
p(U/NC) = probability of being unaffected if not a gene carrier 
p(NC) = probability of not being a gene carrier 

Mary's risk can be mathematically modified since we know her current age and 
health status. At age 70, the risk for breast cancer in a known BRCAl mutation 
carrier is 0.82. In other words, 18% of BRCAl mutation carriers have not 
developed breast cancer by the age of 70. We also know that in the general 
population, only 7% of women will have developed breast cancer by age 70. 
Plugging our information into the Bayesian equation above, Mary's risk for 
carrying the BRCAl mutation is modified from 50% to 16%: 

p(C/U) = (.18H.5) / [(.18H.5)] + [(.93H.5)] = .16 or 16% 

Sheila's risk can then also be adjusted using Bayesian analysis; her Bayesian risk for 
carrying the BRCAl mutation is 6.8%. This is less than the originally predicted 25% 
Mendelian risk (or the 8% Mendelian risk based on Mary's Bayesian analysis.) 



Figure 2.3 Case example using Bayesian analysis in assessing risk for breasf 
cancer. 






Table 2.6 Cumulative risk of breast cancer according to the Claus model. 



No. of relatives with breast cancer Cumulative breast cancer risk according to age (%) 



and their age at diagnosis 


39 y 


49 y 


59 y 


69 y 


79 y 


One first degree relative 


20-29 y 


2.5 


6.2 


11.6 


17.1 


21.1 


30-39 y 


1.7 


4.4 


8.6 


18.0 


16.5 


40-49 y 


1.2 


3.2 


6.4 


10.1 


13.2 


50-59 y 


0.8 


2.3 


4.9 


8.2 


11.0 


60-69 y 


0.6 


1.8 


4.0 


7.0 


9.6 


70-79 y 


0.5 


1.5 


3.5 


6.2 


8.8 


One second degree relative 


20-29 y 


1.4 


3.5 


7.0 


11.0 


14.2 


30-39 y 


1.0 


2.7 


5.6 


9.0 


12.0 


40-49 y 


0.7 


2.1 


4.5 


7.6 


10.4 


50-59 y 


0.6 


1.7 


3.8 


6.7 


9.4 


60-69 y 


0.5 


1.7 


3.8 


6.7 


9.4 


70-79 y 


0.4 


1.3 


3.2 


5.8 


8.3 


Two first degree relatives 
Younger age at diagnosis 20-29 y 
Older age at diagnosis 


20-29 y 


6.9 


16.6 


29.5 


41.2 


48.4 


30-39 y 


6.6 


15.7 


27.9 


39.1 


46.0 


40-49 y 


6.1 


14.6 


26.1 


36.6 


43.4 


50-59 y 


5.5 


13.3 


23.8 


33.5 


39.7 


60-69 y 


4.8 


11.7 


21.0 


29.7 


35.4 


70-79 y 


4.1 


9.79 


17.9 


25.6 


30.8 


Younger age at diagnosis 30-39 y 
Older age at diagnosis 


30-39 y 


6.2 


14.8 


26.5 


37.1 


43.7 


40-49 y 


5.6 


13.4 


23.9 


33.7 


39.9 


50-59 y 


4.8 


11.6 


20.9 


29.6 


35.3 


60-69 y 


4.0 


9.6 


17.5 


25.1 


30.2 


70-79 y 


3.2 


7.7 


14.3 


20.7 


25.2 


Younger age at diagnosis 40—49 y 
Older age at diagnosis 


40-49 y 


4.8 


11.7 


21.0 


29.8 


35.4 


50-59 y 


3.9 


9.6 


17.4 


24.9 


30.0 


60-69 y 


3.0 


7.5 


13.9 


20.2 


24.6 


70-79 y 


2.3 


5.8 


10.8 


16.1 


20.0 


Younger age at diagnosis 50-59 y 
Older age at diagnosis 


50-59 y 


3.0 


7.5 
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Source: Reprinted with permission from Claus et al.®* 
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in the BRCAl or BRCA2 gene. (In these families, Bayesian analysis 
should be performed fo defermine a pafienf's chance for having in- 
herifed fhe gene, and fhe risk for ovarian, colon, and ofher mufafion- 
relafed cancers should be addressed.) In addition, neifher of fhese mod- 
els incorporafes ofher factors fhaf appear fo be correlated wifh breasf 
cancer risk, such as lacfafion history, use of oral confracepfives, abor- 
tion, and dief. 

An informal discussion among genetic counselors has revealed fhaf 
bofh fhe Claus and Gail models are often used fo provide fhe pafienf 
a risk "range" fhaf incorporafes bofh assessmenfs, wifh an assumed 
frue risk lying somewhere befween. 

BRCA Mutation Risk Models 

While fhe Gail and Glaus models are used fo provide esfimafed risk 
for breasf cancer, ofher models are available fo esfimafe fhe likelihood 
of defecting a cancer suscepfibilify mufafion for a pafienf who has a 
significanf personal or family hisfory of breasf and ovarian cancer. 
Gouch ef al. produced fables fo help esfimafe fhe probabilify fhaf a pa- 
fienf carries a mufafion in fhe BRCAl gene based on fhe number of 
breasf and ovarian cancers in fhe family, as well as efhnicify (separate 
fables are available for women of Ashkenazi Jewish descenf).^® These 
fables were produced from dafa collecfed after genefic analysis of 
BRCAl in 263 women wifh breasf cancer. Shaffuck-Eidens ef al. also 
provide a fable for predicfing prior probabilify of a mufafion being 
presenf in fhe BRCAl gene.^® The risks are based on fhe age and num- 
ber of breasf and ovarian cancers wifhin a family. The Gouch and Shaf- 
fuck-Eidens models do nof accounf for mufafions in fhe BRCA2 gene. 
To compensafe for fhis limifafion, some genefic counselors adjusf fhe 
pafienf's risk by doubling fhe risk quoted in fhe fables. 

Myriad Genefic Laborafories, which provides sequencing of fhe 
BRCAl and BRCA2 genes in ifs patented BRAGAnalysis, has produced 
ifs own model for esfimafing fhe likelihood of defecting a mufafion in 
eifher a healfhy or an affecfed pafienf. The Myriad model, sometimes 
referred fo as fhe Erank model, is based on informafion collecfed by 
fhe lab wifh samples submitted for testing and incorporafes personal 
and family hisfory of breasf or ovarian cancer before age 50, as well as 
Ashkenazi Jewish ancesfry. The fables are periodically updated on fhe 
company websife af hffp://www.myriad.com.^^ Hisfory of male breasf 
cancer is included in fhe mosf recenf risk fable. 

The American Sociefy of Glinical Oncology has recommended fhaf 
BRCA genefic fesfing be considered for individuals whose family his- 
fory of breasf /ovarian cancer suggesfs a significanf prior probabilify 
of a BRCA mufafion, which many cancer genetics clinics franslafe as a 
risk of af leasf 10%.^^ 

Additional Breast Cancer Risk Models 

Gompufer programs also are available fo help fhe clinician esfimafe 
a pafienf's risk for breasf cancer or for carrying a BRCA mufafion. 
These models are BRGAPRO and CancerGene.^^'^^ The latter model 
generates multiple risk numbers using many of fhe models described 
earlier, including BRGAPRO. GancerGene can be obfained free 
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through http://www3.utsouthwestem.edu/cancergene/. These com- 
puter models and the risk assessment models discussed in the pre- 
ceding paragraphs are designed for patients at risk for inherited breast 
cancer. 

Hereditary Nonpolyposis Colorectal Cancer Models 
For families with colorectal cancer careful analysis of the pedigree and 
review of pertinent medical records is the best guide for risk assess- 
ment and counseling. The Bethesda Guidelines and Amsterdam Crite- 
ria were established to assist in the diagnosis of families with or sus- 
picious for hereditary nonpol 5 ^osis colorectal cancer (HNPCC). 
Originally written in 1991, the Amsterdam Criteria were modified in 
1999 by the International Collaborative Group on HNPCC to account 
for the extracolonic cancers seen in some HNPCC families.^®'^^ The 
original Amsterdam Criteria requires three relatives, one of whom is 
a first-degree relative of the other two, to be diagnosed with colorec- 
tal cancer in two generations. At least one of the cancers must have 
been diagnosed before the age of 40, and the diagnosis of familial ade- 
nomatous pol 5 q)osis (PAP) must be excluded.^® If a family meets these 
criteria, a diagnosis of HNPCC is assigned. The Modified Amsterdam 
Criteria consider the presence of any HNPCC-related cancer and ex- 
tend the age of diagnosis to before age 50. Hereditary nonpol 5 q)Osis 
colorectal cancer cancers include cancer of the colon, rectum, endo- 
metrium, ovary, stomach, small bowel, hepatobiliary tract, pancreas, 
ureter, and renal pelvis. 

The Bethesda Guidelines are less stringent that the Amsterdam Cri- 
teria and are used to determine which families warrant further evalu- 
ation.^® Families who meet the criteria of the Bethesda Guidelines but 
do not meet Amsterdam Criteria should be considered for microsatel- 
lite instability (MSI) testing prior to genetic testing. Approximately 90% 
of HNPCC colorectal tumors exhibit MSI instability compared with 
only 15% of sporadic tumors. Hereditary nonpol 5 q>osis colorectal can- 
cer is due to mutations that occur in one of several mismatch repair 
(MMR) genes. Clinical testing is limited to hMLHl and hMSHI, where 
approximately 60% of the HNPCC predisposing mutations occur.®° Pa- 
tients whose family history is strongly suggestive of HNPCC but who 
do not carry mutations in either hMLHl and hMSHZ may qualify for 
research testing for one of the more rare HNPCC genes. 



Patient Education 

While the first half of the genetic counseling process relies on infor- 
mation collected from the patient, the remainder focuses on relaying 
the information back to the patient in a format that can be easily as- 
similated. During the information-giving portion of genetic counsel- 
ing, cancer syndromes and genetics are described, risks are provided, 
screening and management issues are discussed, psychosocial issues 
are explored, and genetic testing may be offered. The information that 
had been collected allows the counselor to tailor the specific content to 
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reflect the patient's personal circumstances and meet his or her needs 
and expectations. 

For example, a patient who has a family history that is significant 
for colon and endometrial cancer alerts the counselor to gather infor- 
mation from a local colon cancer support group and prepare visual 
aids for inherited colorectal cancer S 5 mdromes for use during the ge- 
netic counseling session. The counselor also collects information about 
the genetic tests available for colorectal cancer — such as the detection 
rate, cost, and turnaround time — to discuss with the patient. During 
the appointment, the counselor discusses the characteristics of cancer 
and the inherited colorectal cancer S 5 mdrome, the genetics and inher- 
itance of known colorectal cancer susceptibility genes, genetic testing 
for familial mutations, and screening and management issues for colon 
and related cancers. 

Each counseling session should include an overview of basic and 
cancer genetics in addition to education about risk, screening and man- 
agement, and how genetic testing may influence each. A sample dia- 
gram that may be used to help explain how cancer susceptibility genes 
are passed on from generation to generation is provided in Figure 2.4. 

Educating the patient about these topics and talking the patient 
through possible scenarios will provide him or her with the informa- 



^ Normal gene 




Susceptibility gene 




Figure 2.4 An inherited susceptibility mutation is passed down through the generations. Each child 
of an individual who carries the mutation has a 1 in 2 (50%) chance of inheriting the genetic mutation. 
Individuals carrying the mutation are at a significantly increased risk for cancer. 
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tion necessary to make an informed decision about genetic testing. As 
more cancer susceptibility genes are identified, genetic testing to de- 
termine a patient's risk for cancer will become increasingly common. 
During this time, patient education about these tests will remain im- 
portant and should not be compromised.®^ 

The benefits, risks, and limitations of genetic testing should also be 
discussed with each patient. Benefits of genetic testing may include re- 
lief from uncertainty, decreased anxiety, and an explanation for the 
cancer that seems to "run" in a family. The patient may also be more 
motivated to comply with screening recommendations if he receives a 
positive test result. Patients who learn that they did not inherit a known 
familial mutation also may be reassured that their children are no 
longer at increased risk. 

Genetic testing also carries risks that should be discussed with the 
patient. The patient may experience increased anxiety, low self-image, 
and negatively altered familial or social relationships. Some patients 
who test negative when many family members have been affected by 
cancer experience a phenomenon known as "survivor guilt" (discussed 
below). 

Although patients may express concern over the risk for discrimi- 
nation with regard to health or life insurance coverage and employ- 
ment, the federal and many state governments have enacted legisla- 
tion to prevent discrimination based on genetic information. 

The limitations of genetic testing in general refer to the limitations 
in current technology. For example, mutations in the BRCAl and 
BRCA2 genes only account for about 8 of 10 hereditary breast cancers, 
while clinical testing for HNPCC is limited to 2 of at least 4 genes that 
can cause the phenotype. 

Genetic Testing and Informed Consent 

Genetic Testing 

Genetic testing is a powerful option for many patients, but it is not ap- 
propriate for everyone. In 1996, the American Society of Glinical On- 
cology stated that a patient who is at risk for hereditary cancer should 
be offered genetic testing only when the following criteria are met^^: 

• The person has a strong family history of cancer or early age of on- 
set of disease. 

• The test can be adequately interpreted. 

• The results will influence medical management of the patient or fam- 
ily member. 

Through cancer risk counseling and assessment, genetic counselors 
play a significant role in determining which patients are candidates for 
genetic testing. 

Minors 

In general, genetic testing for adult-onset conditions like inherited can- 
cer is not offered to minors to preserve individual autonomy and pro- 
mote beneficence. Individual autonomy may be violated if testing is 
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performed without informed consent, which minors are legally unable 
to provide. Beneficence maybe compromised if the information learned 
from genetic testing negatively impacts the way a minor is perceived 
or treated.^^"^^ 

There are exceptions to excluding minors from the cancer genetic 
testing process. For example, a child at risk for familial adenomatous 
pol5^osis (FAP) may benefit from information learned through genetic 
testing. FAP is a colorectal cancer syndrome that can cause malignancy 
as early as age seven. Children of an affected parent usually begin an- 
nual screening for polyps at a young age. A negative test result for a 
known familial mutation in the APC gene will relieve the child from 
invasive cancer screenings. 

Determining Familial Mutations 

Healthcare providers working with cancer families must understand 
that the most appropriate candidate for genetic testing is not always 
the patient. If the patient has a previous or current diagnosis of can- 
cer, he or she may be an appropriate candidate for genetic testing. How- 
ever, many individuals who present for genetic counseling have no 
personal history of cancer, while the family history is strongly sug- 
gestive of an inherited cancer syndrome. If the patient has never had 
a diagnosis of cancer, then the most appropriate person to be tested 
first is an affected relative. 

Because a negative test result in a healthy patient is most informa- 
tive when the familial mutation has been identified, the presence of an 
identifiable familial mutation should be determined before genetic test- 
ing is offered to unaffected family members. Testing an affected fam- 
ily member first will determine whether or not the family carries a can- 
cer susceptibility mutation that is detectable by current technologies. 

If the familial mutation has not been identified prior to testing a 
healthy patient, a negative test result may falsely reassure the patient 
of his or her cancer risk. While the negative test result has ruled out a 
mutation in the gene(s) tested, it has not ruled out the possibility of an 
inherited mutation in another gene or a genetic alteration not detectable 
by the lab methods employed during testing. Screening recommenda- 
tions for the patient should therefore reflect the family history; the pa- 
tient should not be assumed to have only the general population risk. 

If the mutation has been identified in the family, a negative test re- 
sult can be interpreted as a true negative. In this case, the patient no 
longer needs to undergo heightened surveillance. His or her risk for 
cancer has returned to that of the general population. However, the 
counselor must ensure that the patient understands that his or her risk 
of cancer has not been eliminated and that the patient should comply 
with cancer screening guidelines for the general population. 



Informed Consent 

Some patients may state early on that they "just want to be tested for 
the cancer gene." Although genetic testing can usually be performed 
on just a few tablespoons of blood, predictive genetic testing should 
never be conducted in the absence of pretest genetic counseling to oh- 
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Table 2.7 Elements of informed consent for germline DNA testing. 

Information of the specific test being performed 

Implications of positive and negative results 

Possibility that the test will not be informative 

Options for risk estimation without genetic testing 

Risk of passing a mutation to children 

Technical accuracy of the test 

Fees involved in testing and counseling 

Risks of psychological distress 

Risks of insurance or employer discrimination 

Confidentiality issues 

Options and limitations of medical surveillance and screening following 
testing 

Source: Reprinted with permission from American Society of Clinical Oncology 



tain informed consent. In fact, most clinical and research laboratories 
require confirmation by the ordering physician that informed consent 
for genetic testing was obtained prior to performing the test (although 
documentation of informed consent is not always required by the lab). 

Informed consent, an ethically mandated component of genetic test- 
ing, is obtained through the genetic counseling process by educating 
the patient about the benefits, risks, and limitations of genetic testing.®^ 
Many genetic counseling centers obtain written informed consent for 
each patient who pursues genetic testing. 

In 1996, the American Society of Clinical Oncology presented the ba- 
sic elements of informed consent for molecular testing for cancer sus- 
ceptibility (Table 2.7).^^ 

Results Disclosure and Interpretation 

Genetic test results should be disclosed in person whenever possible. 
Questions often arise after the result has been disclosed, and it is best 
for the counselor to answer them in person, with access to visual aids 
if necessary. 

The interpretation of how a genetic test result influences the patient's 
risk for cancer is often less than straightforward. A test result may be 
positive (a cancer susceptibility mutation is detected), negative (no mu- 
tation is detected), or of uncertain significance (an alteration is detected 
that is of unknown clinical significance). A negative test result may not 
mean that the patient did not inherit a cancer susceptibility mutation 
if the familial mutation had not been previously identified. A genetic 
variation of uncertain significance may open the door to research test- 
ing on other family members to clarify the meaning of the variation. 

A face-to-face meeting with the patient allows the counselor ade- 
quate time, with the full attention of the patient, to review these issues. 
Now that the situation is no longer h 5 q)othetical, as it was during the 
pretest counseling session when each possible result with its implica- 
tions and ramifications are outlined, the patient's perception may be 
altered, and different concerns may arise. Meeting with the patient in 
person provides the counselor with an opportunity to answer ques- 
tions and detect and address any discrepancies in the patient's attitude. 
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Risk Management Discussion 

The recommendations given to a patient for managing his or her risk 
are initially based on the family hisfory. In general, a pafienf who has 
already been affecfed wifh cancer or who is af risk based on family his- 
fory will be recommended fo undergo heighfened cancer surveillance. 
These recommendafions may be modified based on information 
learned fhrough genetic fesfing. 

Mosf inherifed cancers may be managed wifh eifher surgical or non- 
surgical inf ervenf ions. Surgical infervenfions include prophylactic 
masfecfomy, oophorecfomy, fhyroidecfomy, and colectomy, in addi- 
fion fo many ofhers. Surgery may be recommended or chosen by a pa- 
fienf because of fhe high risk for a parficular group of cells fo become 
cancerous in combination wifh fhe poor defecfion rate associafed wifh 
fhe surveillance mefhods available for fhaf type of cancer. 

Nonsurgical infervenfions include mammography, colonoscopy, ul- 
frasound, and serum screens sfarfed af an earlier age and occurring af 
more frequenf infervals fhan recommended for fhe general population. 
Chemoprevenfive drugs, such as famoxifen, Roloxifene and Celebrex, 
are also options fhaf may be discussed wifh fhe high-risk pafienf. 

Psychological Counseling 

One of the essential qualities of the clinician is interest in humanity , for the secret of 
the care of the patient is in caring for the patient. — Francis W. Peabody, MD 

Dealing wifh a personal or family hisfory of cancer is likely fo have 
had a significanf impacf on fhe pafienf 's life experiences, lifesfyle, and 
worldview. Assessing fhe pafienf's risk and incorporating knowledge 
abouf his or her genefic sfafus may evoke furfher emofional responses. 
The genefic counselor should identify and prepare fhe pafienf for fhese 
responses and help him or her cope as fhey emerge. 

There are mulfiple insfances during fhe genefic counseling process 
fhaf may lead fo psychofherapeufic infervenfion. Sfrong emofions may 
emerge when a pafienf reflecfs on pasf experiences while gafhering fhe 
medical hisfory. Or, a pafienf may reacf sfrongly when he or she learns 
of informafion fhaf is inconsisfenf wifh his or her own beliefs, such as 
how a cancer S5mdrome is inherifed or whaf fhe frue risk for develop- 
ing cancer is affer receiving a genefic fesf resulf. Regardless of whaf 
aspecf of fhe genefic counseling process evokes fhese emofional re- 
sponses, each response should be identified and addressed. When fhe 
psychofherapeufic aspecf of fhe genefic counseling session is neglecfed 
or quickly skimmed over, fhe counselor has failed fo complefe his or 
her dufies, and fhe pafienf receives a disservice. 

Reflection 

Begirming with the information-gathering process, patients may expe- 
rience emotional reactions for which fhey were nof prepared. Asking 
a woman abouf affecfed family members may cause her fo recall her 
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own mother's death at a young age and a childhood that was filled 
with anguish, confusion, and despair. Her reflections may also remind 
her of her own young daughter, evoking further sadness and anxiety 
that her daughter will have to go through similar circumstances. In an- 
other example, a young man seeking information about his risk for col- 
orectal cancer may realize his feelings of resentment toward his es- 
tranged father when he considers that he may have inherited from him 
the same gene that caused his sister's recent death. He tells the coun- 
selor that "cancer is probably the one thing my father left me." 

Both of these scenarios demonstrate the powerful feelings that can 
surface when a patient is essentially required to reflect on emotionally 
painful events when collecting the family medical history. The coun- 
selor should spend adequate time to identify these emotions and al- 
low the patient to explore and come to terms with each. 



Reaction 

During the risk assessment and patient education components of the 
genetic counseling process, patients may also experience strong emo- 
tional responses to information learned. A woman who comes from 
a small family in which her father, grandfather, and two uncles were 
affected with colon cancer may have falsely assumed she was less 
likely to develop cancer because she is of the opposite gender. In 
fact, she may be more concerned about her risk for breast cancer be- 
cause of an aunt who was recently diagnosed at age 70. When her 
true risks are learned, she may express disbelief at the news and have 
difficulty reconciling the facts with her own experience. If she is un- 
able to assimilate the information that she has just learned, she may 
be reluctant to comply with the more rigorous screening recom- 
mendations that she is given. The genetic counselor should allow ad- 
equate time during the counseling session to recognize and address 
these issues. 

Although a strong emotional response can be expected when a pa- 
tient learns that his or her risk is drastically different from what was 
perceived, some patient reactions are not so predictable. For example, 
a woman who spent many of the Saturdays during her childhood in 
attendance at funerals and memorials for aunts, cousins, her mother, 
and grandmother has always assumed that she too would succumb 
early in life to the cancer that claimed the lives of so many of the women 
in her family. She says, "All of us girls knew we would die before our 
own children grew up. That's just what happened in our family." When 
she learns that she is one of the few who did not inherit a familial mu- 
tation in the BRCAl gene, she has extreme difficulty adjusting to the 
reality that she may live for many more years and has, as she puts it, 
"escaped" the genetic legacy in her family. Suddenly, her life has been 
extended to include a period she never thought she would see. She has 
never considered how to spend her retirement years or imagined that 
she would live to see her grandchildren. 

Whereas a medical professional delivering what is seemingly good 
news might assume a positive reaction from the patient — one that is 




J.M. Yelland 53 



filled with relief and elation — this woman has learned information that 
has drastically altered her expectations and consequently has left her 
feeling extremely unsettled. Further exploration by the counselor re- 
veals that she feels guilty for being offered the chance to experience a 
part of life that virtually none of the other women in her family were 
given. This patient needs help sorting through the powerful emotional 
response that this revelation has evoked, and it is the role of the ge- 
netic counselor to assist in this process either directly or by providing 
an appropriate referral. 



Survivor Guilt 

The response that the woman in the above scenario experienced is not 
uncommon. Known as survivor guilt, the reaction occurs when a pa- 
tient learns that he or she has escaped a legacy of cancer or other chronic 
illness that has plagued most family members. The patient may not 
have expected such a reaction and may be uncertain how to handle it. 
Addressing discordant feelings and guiding the patient to understand 
the emotions are important roles of the counselor. 

When the woman in the above scenario is allowed to talk through 
her reaction, with subtle probing and empathic responses carefully 
placed by the counselor, she admits that she considers herself the 
"strong one" in the family and a "caregiver" to her brothers and 
younger sisters. She explains that she has always tried to shelter them 
from difficult situations, beginning with their mother's own death, 
and she thinks she is emotionally stronger than her sisters and there- 
fore would cope with cancer more easily than any of her siblings. 
She does not think it is fair that she is the one to evade this disease 
that is almost considered a right of passage for the women in her 
family. 

The complexities of the emotions that may emerge during cancer ge- 
netic counseling are potentially profound. Neither the counselor nor 
the patient may be able to anticipate every response. The counselor, 
however, should be prepared to assist the patient in both the explo- 
ration and acceptance of each response so that the patient is able to 
make informed decisions about screening and management that are 
compatible with his or her own personal goals and value system. If the 
counselor feels unable to provide adequate psychosocial counseling, a 
referral to a psychologist or psychiatrist may be necessary. 



Empathy 

Achieving and expressing empathy is concordant with the psy- 
chotherapeutic model of genetic counseling. Empathic expression is an 
integral part of helping the patient cope with any emotions that may 
arise as a result of genetic counseling. Described by Belief and Mal- 
oney in 1991 as "the capacity to understand what another person is ex- 
periencing from within the other person's frame of reference," empa- 
thy is achieved when the counselor expresses an understanding of what 
the patient is feeling.®^ 
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To express understanding, the counselor must recognize and pay at- 
tention to both verbal and nonverbal cues from the patient. Verbal cues 
include words like "frustrated," "surprised," "angry," "worried," and 
"anxious" and nonwords such as a loud sigh or grunt. Nonverbal cues 
are exhibited through silence or by body language — she may express 
defeat by slumping her shoulders and casting her eyes down, or he 
may indicate anger by crossing his arms and sitting far back in his 
chair. Watching and listening for these cues will provide the counselor 
with information that is necessary to produce an appropriate empathic 
response. The counselor should then consider the significance of what 
has been perceived and accordingly frame a response that acknowl- 
edges these perceptions. 

The empathic response should not be confused or substituted with 
sympathy, where the focus of the counselor may turn (even if only for 
a moment) to himself. Achieving empathy does not imply that the 
counselor be sympathetic or have a personal understanding of what 
the patient is experiencing.^^ Therefore, it is possible for any person to 
produce an empathic response toward another human being. In ge- 
netic counseling empathy simply requires that the counselor recognize 
an emotional reaction and discern its significance to the patient's over- 
all affect. Acknowledging to the patient what has been observed and 
discerned then produces the empathic response.^^ 

Relationships 

Learning about personal risks for inherited cancers may not only alter 
a patient's self-image and perception but also have an impact on the 
patient's interpersonal relationships. The knowledge that one has in- 
herited a genetic mutation from a parent also implies that one's chil- 
dren are at risk, and the difficulties experienced when coping with 
anger toward the parent may be amplified by guilt that a child is also 
at risk. Questions and concerns that may arise include: 

• How do you tell your spouse or child that your risk for cancer — and 
perhaps theirs — is much higher than you thought? 

• What obligations do you have to tell your fiance or spouse that your 
future children may inherit your cancer susceptibility gene? 

• How do you explain everything to your best friend so that he or she 
understands what you are going through? 

• How do you approach your distant cousin, who is battling the same 
type of cancer that killed your father, about genetic counseling for 
testing that may provide answers for you and your siblings? 

Referrals 

Any genetic counselor should be able to recognize his or her limita- 
tions when dealing with the complexity of emotions that may arise 
during the genetic counseling process. In some instances, a referral to 
an outside psychologist or psychiatrist may be best. Part of the genetic 
counselor's role is to recognize his or her limitations and provide a re- 
ferral when additional psychological support or therapy is deemed 
necessary. 
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Genetic Counseling Case Presentations 

Hereditary Breast/Ovarian Cancer 

In the scenario presented in Figure 2.5, the patient is a 24-year-old fe- 
male who learns through genetic counseling that her family carries a 
BRCAl mufafion; however, she did nof inherif if. Alfhough her fafher 
carries no cancer diagnosis, fwo of his fhree sisfers were diagnosed 
wifh premenopausal breasf cancer, and his mofher was affecfed wifh 
breasf and ovarian cancer before age 45. 

According fo fhe Myriad model, fhe pafienf has a 16.4% risk for car- 
rying a deleferious mufafion in eifher BRCAl or BRCA2. Her risk of 
breasf cancer as predicfed by fhe Claus model is 0.6% by age 59, 2.0% 
by age 39, 5.2% by age 49, 9.8% by age 59, 14.7% by age 69, and 18.4% 
by age 79. The limifafions of fhe models are discussed, and fhe pafienf 
is counseled abouf her mendelian risk if a BRCAl or BRCA2 has caused 
fhe cancers in her family: Her fafher has a 50% risk of having inher- 
ifed fhe mufafion from his mofher, while fhe pafienf's risk is 25% (0.5 X 
0.5 = 0.25). She is furfher counseled fhaf, if she has fhe mufafion, her 
risk for breasf cancer is approximafely 85%, while her risk of ovarian 
cancer is 16% fo 60%. Her risks for colon and pancreatic cancer may 
also be increased.”^ 




Figure 2.5 A healthy patient presenting with a family history of breast and 
ovarian cancer that is caused by a germline BRCAl mutation. 



*If the patient were of Ashkenazi Jewish descent, her risks would be modified. 
Approximately 1 in 40 individuals of Ashkenazi Jewish descent carries a can- 
cer susceptibility mutation in either BRCAl or BRCAl, with three founder mu- 
tations accounting for the vast majority. The risk for breast cancer is less than 
that of a non-Ashkenazi Jewish mutation carrier. The risk for breast cancer is 
45%, while the risk for ovarian cancer is 15%. This information is important to 
commimicate to appropriate patients because it may influence management 
decisions. 
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The benefits, limitations, and risks of genetic testing are reviewed, 
and the benefit of first testing her living affected aunt is discussed. 
Screening recommendations based on her family history alone are re- 
viewed. She is also guided through different scenarios regarding her 
possible mutation status and how screening and management recom- 
mendations may be influenced based on her genetic status. She ex- 
presses her interest in testing, as well as her concerns over the risks to 
her young daughter when she is older. 

The initial counseling session ends when the patient decides to con- 
tact her aunt regarding her willingness to pursue genetic counseling 
and testing. The aunt is subsequently tested and learns she carries a 
deleterious mutation in BRCAl. The patient returns for testing, and at 
her results disclosure session 3 weeks later she learns that she does not 
carry the mutation. Her risks for cancer return to that of the general 
population, and appropriate screening recommendations are made. 

(Note that if the aunt had not agreed to testing, the negative test re- 
sult in the patient would have been less informative. Although no mu- 
tation was found in BRCAl and BRCAl, the possibility of another gene 
being responsible for the cancers in her family would not have been 
ruled out, and her screening recommendations would have reflected 
her family history. She would have been assigned to the high-risk cat- 
egory and recommended to begin mammograms at age 28 [10 years 
prior to her grandmother's breast cancer diagnosis, the youngest di- 
agnosis in the family] and heightened surveillance for ovarian cancer 
with armual pelvic exams, transvaginal ultrasounds, and serum CA125 
measurements . ) 

Although the patient has learned that she has not inherited the can- 
cer susceptibility mutation that has caused the cancer in her family, her 
paternal cousins are at risk for the identified genetic mutation. After 
learning about her risk, a female cousin undergoes testing and learns 
she is positive for the mutation. She is anxious over her heightened 
risks and meets with a surgeon to discuss prophylactic mastectomy 
and oophorectomy. She decides that she will follow the recommended 
high-risk screening procedures until she has completed childrearing, 
at which time she will return to discuss prophylactic oophorectomy. 
She has been told that this option will reduce her risk of ovarian can- 
cer by 90% and her risk for breast cancer by as much as 70%. 



Hereditary Nonpolyposis Colorectal Cancer 

In the scenario presented in Figure 2.6, the patient is a 30-year-old male 
seeking information about his risk for colon cancer. A paternal aunt 
and uncle, his grandmother, and a great aunt all presented with can- 
cers consistent with HNPCC. His father had a small number (<20) of 
precancerous pol 5 y>s detected on exam at age 53 and elected to have a 
colectomy. The paternal cousin with "kidney problems" may represent 
an extracolonic manifestation of HNPCC. The most frequent extra- 
colonic tumors seen in the syndrome include uterine (35%) and ovar- 
ian (10%). Other HNPCC-associated cancers involve the stomach, 
brain, small intestine, liver, and urinary tract, each occurring in less 
than 5% of patients. 
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The patient is counseled about the strong suspicion of HNPCC in 
his family, and his risks are discussed. He is counseled abouf his 50% 
risk for having inherifed a HNPCC mufafion from his fafher, and his 
cancer risks are reviewed. He reveals fhaf his sisfer is esfranged from 
fhe family, and he has nof spoken fo her in a number of years. He does 
nof know if he can or is willing fo confacf her abouf her own risks. Ge- 
nefic fesfing for fhe MSH2 and MLHl genes is discussed {MSH2 and 
MLHl cause fhe majorify of HNPCC cases and are fhe two genes for 
which clinical fesfing is available). 

The pafienf is inferesfed in genefic fesfing, and fhe ufilify of fesfing 
his fafher firsf is reviewed. The initial counseling session comes fo an 
end, and fhe pafienf confacfs his fafher during fhe following week fo 
assess his willingness fo pursue genefic fesfing. His fafher declines. The 
pafienf refums a few weeks lafer and decides fo proceed wifh fesfing, 
undersfanding fhe limifed informafiveness fhaf a negafive fesf resulf 
would provide. He refums 3 weeks lafer and learns fhaf no mufafion 
was defecfed. 

Screening recommendafions are made based on his family hisfory 
because fhe possibilify of a germline mufafion in one of fhe ofher HN- 
PCC genes could nof be ruled ouf. The pafienf will begin armual 
colonoscopy af age 31.”^ If pol 5 ^s are defecfed, he will consider surgery 
fo remove his colon before malignancy occurs. His sisfer's risks for 
uferine and colorecfal cancer are also discussed, and he decides fhaf 



*Some cancer genetics centers also recommend screening for the less frequent 
extracolonic cancers, although the clinical usefulness of these screening exams 
in high-risk patients is unclear. Screening for the less frequent HNPCC extra- 
colonic cancers may include annual upper endoscopy, small bowel x-ray, urine 
cytology, liver fimction panel, and neurological function examination.®® 
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he will try to locate her to inform her of fhe risks. He is given wriffen 
maferials fhaf oufline bofh his and his sisfer's screening recommenda- 
fions. The sisfer's recommendafions also include screening for uferine 
and ovarian cancer by pelvic exam, fransvaginal ulfrasound, and en- 
domefrial aspirafion every 1 fo 2 years sfarfing af age 25 fo 35. 
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Ethical Issues in Genetic Testing 
for Cancer Susceptibility 

Terrence F. Ackerman 



The confluence of numerous factors presages fhe growing role in clin- 
ical medicine of genetic fesfing for inherited cancer suscepfibilify. Re- 
search in molecular genefics is facilifafing fhe localization and se- 
quencing of new cancer suscepfibilify genes. Crifical issues regarding 
fhe imporfance of specific mufafions wifhin genes, fhe penefrance and 
expressivify of fhese mufafions, fhe value of medical interventions in 
reducing cancer risks, and appropriafe mefhods of counseling pafienfs 
are being addressed in carefully designed sfudies. Af fhe same fime, 
more efficienf fechnologies for DNA analysis are being developed fhaf 
will enable fhese fesfs fo be performed af a more reasonable cosf, while 
yielding a higher percenfage of informative resulfs. Recognizing fhe 
considerable profif pofenfial of widespread use of fesfs for inherifed 
cancer suscepfibilify, aggressive markefing by commercial genefics lab- 
orafories is increasing pressure on physicians fo apprise fheir pafienfs 
of fhe availabilify of fesfing. As more effecfive infervenfions are iden- 
fified for reducing risk and freafing disease, managed care organiza- 
fions, healfh insurers, and self-insured employers may also encourage 
fesfing as a means fo confrol healfhcare cosfs. 

The capabilify fo perform fhese fesfs possesses considerable promise 
for enhancing fhe clinical care of pafienfs. If effecfive prevenfive mea- 
sures, surveillance regimens, and / or prophylactic infervenfions can be 
devised fo reduce fhe risk of fhe onsef of cancer or facilifafe early iden- 
fificafion and freafmenf, genefic fesfing will enable pafienfs fo assume 
a subsfanfial measure of active confrol over fheir inherifed cancer risk. 
Af fhe same fime, fhese developmenfs presenf perils fhaf may under- 
mine fhe infended benefifs of fheir clinical applicafion. Uncerfainfies 
abound regarding fhe medical, psychological, familial, and social im- 
plications of identifying persons wifh inherifed cancer suscepfibilify. 
These uncerfainfies generafe complex quesfions regarding fhe contours 
of our moral obligations in fhe confexf of genefic fesfing. Crifical ques- 
fions arise regarding fhe moral obligations of healfhcare providers, pa- 
fienfs, and sociefy. 

These moral quesfions can be grouped around fhe requiremenfs of 
fhree basic moral principles. The firsf is fhe principle of beneficence. 
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In the context of the therapeutic relationship, this principle requires 
that healthcare providers protect and promote the welfare of patients. 
Questions arise about the conditions under which healthcare providers 
should recommend or offer genetic testing for inherited cancer sus- 
ceptibilities to protect or promote the welfare of patients. These ques- 
tions are complicated by inadequacies in available testing methodolo- 
gies, uncertainties about the significance of specific mutations, the 
limited efficacy of interventions designed to control risk of cancer, and 
challenges in devising effective counseling strategies. The second prin- 
ciple is that of respect for the autonomy of patients. This principle re- 
quires that interactions in the therapeutic relationship be consistent 
with the values and goals of the patient. The moral importance of re- 
specting the values and goals of individual patients generates impor- 
tant issues regarding the requirements for informed consent and ge- 
netic counseling, the limits of confidentiality, and the rights of patients 
to request testing for their children and fetuses. The third principle is 
that of justice or fair treatment. This principle requires that important 
goods be distributed in ways that treat persons fairly vis a vis one an- 
other. In the context of genetic testing for inherited cancer susceptibil- 
ity, concern exists that testing results may be used to deny persons ac- 
cess to important goods such as health insurance and employment. 
Thus, critical issues arise regarding the criteria that should be used to 
determine the fair distribution of these goods to persons with inher- 
ited cancer susceptibilities. 

In the subsequent analysis, the implications of these principles for 
the practice of inherited cancer susceptibility testing are explored. Be- 
cause of the uncertainties regarding the benefits of testing, the rapidly 
developing knowledge in this field, and the variety of contexts in which 
testing might be undertaken, concrete directives for the resolution of 
the issues carmot be provided. Rather, the objective is to provide a con- 
ceptual framework for analyzing specific moral issues as they arise in 
clinical practice. 



Patient Welfare and the Recommendation for Testing 

In the context of the therapeutic relationship, the moral principle of 
beneficence enjoins the healthcare provider to protect and promote the 
welfare of patients. Offering a specific intervention to patients is ap- 
propriate when two basic conditions are satisfied: The risks are justi- 
fied by the anticipated benefits, and the risk-benefit ratio of the inter- 
vention is at least as favorable as any alternative course of action 
available to the patient. Genetic testing for inherited cancer suscepti- 
bility should be recommended or offered only if it satisfies these basic 
criteria. 

The potential benefits of genetic testing relate to either reassurance 
about the absence of elevated cancer risk that may derive from nega- 
tive test results or the increased control of cancer risk that might be 
possible based on positive test results. When test results are negative, 
absence of elevated cancer risk is confirmed only if the specific muta- 
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tion that is inherited has already been clearly identified in another fam- 
ily member and is absenf in fhe pafienf fesfed. In fhe absence of fhis 
informafion, negative fesf resulfs musf be considered merely uninfor- 
mative. There are numerous reasons why fesf resulfs may be uninfor- 
mative.^ The pafienf may have a specific mufafion in a recognized can- 
cer suscepfibilify gene fhaf is nof defecfed by fhe fesfing mefhod 
employed, fhere may be a mufafion in a rare or as yef undiscovered 
gene, or fhere may be a varianf identified in an esfablished suscepfi- 
bilify gene whose clinical significance is nof af presenf known. When 
negafive fesf resulfs are merely uninformative, fhe anficipafed benefif 
of relieving concern abouf elevafed cancer risk is nof realized. More- 
over, if fhe family hisfory of cancer suggesfs a clearly elevafed cancer 
risk despife fhe occurrence of uninformafive fesf resulfs, fhe recom- 
mendafions for moniforing may be similar fo fhose for pafienfs who 
have posifive fesf resulfs. The upshof is fhaf fhe pofenfial benefifs of a 
negafive fesf resulf may be severely affenuafed if fhe resulfs musf be 
inferprefed as merely uninformafive and fhere is a family hisfory 
sfrongly suggesfive of inherifed cancer. 

In fhe case of clearly posifive fesf resulfs, fhe pofenfial benefifs of fhe 
informafion depend on fhe ways in which pafienfs can ufilize fhe in- 
formafion eifher fo reduce fheir risk of cancer or facilifafe early diag- 
nosis and freafmenf. In general, fhere are fhree cafegories of inferven- 
fions fhaf mighf be used fo accomplish fhese goals: lifesfyle changes 
relafed fo maffers such as dief and exercise, increased moniforing and 
surveillance for fhe onsef of cancer, and fhe use of prophylacfic regi- 
mens. However, no pofenfial risk reduction associafed wifh lifesfyle 
changes for persons wifh inherifed cancer suscepfibilify has been 
clearly esfablished.^ 

The pofenfial benefifs of moniforing or surveillance relafe fo idenfi- 
ficafion of cancer in ifs early sfages and timely freafmenf resulting in 
decreased morbidify and morfalify. In evaluating fhese pofenfial ben- 
efifs, several poinfs are relevanf. Firsf, for some fumors relafed fo in- 
herifed cancer suscepfibilify, aggressive surveillance is clearly associ- 
afed wifh decreased morbidify and morfalify. This benefif seems mosf 
apparenf in familial adenomatous pol 5 ^osis (TAP) and heredifary 
nonpol 5 ^osis colorecfal cancer (HNPCC).^ Aggressive surveillance fa- 
cilifafes fhe idenfificafion of colorecfal lesions of various fypes requir- 
ing surgical intervention. Moniforing is essential fo preventing early 
deafh associafed wifh fhese lesions. Second, for ofher cancers if may 
be more difficulf fo monifor for early fumor developmenf, as in fhe 
case of ovarian cancer associafed wifh fhe BRCAl mufafion.^ Third, 
fhere are cases in which fhe pofenfial benefifs of sfandard moniforing 
fechniques remain fo be more clearly defined. For example, if is nof 
yef clear whaf advanfage mighf accrue for early defection of breasf fu- 
mors by mammography in women wifh BRCA1/BRCA2 who are less 
fhan 40. Fourfh, if is often nof clear whaf advanfages are obfained for 
genefically predisposed persons from early idenfificafion wifh respecf 
fo fhe freafabilify of cancer and reduction in morbidify and morfalify. 

Prophylacfic infervenfions may represenf fhe mosf imporfanf means 
for reducing fhe risk of disease available fo persons who fesf posifive 
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for inherited cancer susceptibility. For example, in the case of breast 
cancer susceptibility chemoprevention and prophylactic surgery may 
provide substantial reduction in the risk of disease. A major clinical 
trial of tamoxifen established that its use reduced the risk of breast can- 
cer by 49% over a 5-year period in women with an elevated risk of can- 
cer by family history.^ Similarly, studies of bilateral prophylactic mas- 
tectomy suggest a substantial reduction in risk for breast cancer.® 
Bilateral prophylactic oophorectomy may possess even higher rates of 
risk reduction for ovarian cancer associated with BRCA17 Neverthe- 
less, prophylactic interventions possess important limitations as well. 
While tamoxifen may offer substantial reduction in the risk of breast 
cancer, its use creates additional health risks. In the Breast Cancer Pre- 
vention Trial, women over 50 who took tamoxifen quadrupled their 
risk of uterine cancer and tripled their risks of thromboembolisms in 
the lungs or major veins.® The risk of breast cancer in women who opt 
for bilateral prophylactic mastectomy may remain as high as 10% to 
15%, depending in part on the surgical approach utilized.®'® Similarly, 
it appears that there is a small residual risk of ovarian cancer for women 
with BRCA1/BRCA2 who undergo bilateral prophylactic oophorec- 
tomy.^ At the same time, early surgical menopause may confer an in- 
creased risk of cardiovascular disease and osteoporosis. Thus, current 
prophylactic treatments do not eliminate the risk of developing 
cancer, while they may also confer additional risks of serious health 
problems. 

The potential benefits of reducing cancer-associated health risks 
must also be balanced against nonmedical risks associated with re- 
ceiving positive test results. These risks can be categorized as psycho- 
logical, familial, and social. Psychological risks include reactions such 
as anger, depression, persistent worries, anxiety, guilt, and sleep dis- 
turbances.® Although early studies in adults who received positive test 
results for genetic susceptibility to Pluntington's disease suggested that 
satisfactory psychological adjustment was eventually achieved, the 
generalizability of these results is uncertain because of the pronounced 
self-selection apparent in the small number of at-risk individuals who 
decide to undergo testing.^®'^^ By contrast, initial studies in persons 
testing positive for the p53 mutation and breast cancer susceptibility 
suggest more substantial rates of psychological distress.^^ 

A second group of risks is associated with the potential negative im- 
pact of testing on familial relationships. Unlike much health informa- 
tion that pertains only to the individual patient, genetic information 
carries implications for the health status and welfare of other family 
members as well. When a patient contemplates testing for inherited 
cancer susceptibility, other family members may be deeply distressed 
about the prospect of finding out whether the family might be affected. 
When a patient has a positive test result, family members may be an- 
gry and resentful that the patient has forced them to confront the pos- 
sibility of their own genetic risk status. Family members who test pos- 
itive may experience resentment toward those who do not, while those 
who test negative may feel "survivor guilt" for having escaped the in- 
creased cancer risk that must be confronted by other family members. 
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The emotional divide between family members who test positive and 
those who do not may create difficulties in communication. Moreover, 
these various reactions may exacerbate previously existing tension or 
conflicts within families. Finally, differenfial freafmenf of family mem- 
bers by one anofher may occur wifh regard fo matters such as inheri- 
fance and educafional opporfunifies based on fhe facf fhaf some may 
have a more favorable life expecfancy fhan ofhers. 

A fhird cafegory of risks relafes fo fhe social implications of fesfing 
positive for inherifed suscepfibilify fo cancer. Persons may be denied 
access fo insurance, employmenf, and educafional opporfunifies based 
on positive fesf resulfs.^^ In addition, members of particular efhnic 
groups who have a high incidence of an inherifed cancer suscepfibil- 
ify may suffer more subfle forms of discrimination or social stigmati- 
zation based on public percepfions of fheir "defecfs." These difficulfies 
may impair fhe opporfunify of persons fo achieve financial, educa- 
fional, career, and ofher social goals. 

This enumeration of fhe pofenfial risks and benefifs associafed wifh 
genefic fesfing for inherifed cancer suscepfibilify carries imporfanf im- 
plications regarding fhe condifions under which fesfing should be rec- 
ommended or offered fo promofe fhe welfare of pafienfs. Firsf, fhere 
are cases in which fesfing resulfs may provide clear guidance for sub- 
sequenf medical moniforing fhaf may decrease morbidify and morfal- 
ify for some fumors associafed wifh inherifed cancer S5mdromes. The 
clearesf example is surveillance for colorecfal lesions of various sorfs 
associafed wifh FAP and HNPCC. Recommended surveillance pro- 
vides a crifical guide fo fhe fiming of colon surgery fo prevenf deafh 
from colorecfal cancer. Second, for mosf cases fhe favorabilify of fhe 
risk-benefif rafio associafed wifh fesfing is often nof so fransparenf fhaf 
any reasonable person would judge fhaf fesfing promofes his or her 
inferesfs. As we have seen, fhe pofenfial benefifs of fesfing for fhe con- 
frol of cancer risk are fypically limifed. Moniforing for particular fu- 
mors may be difficulf, or fhe benefifs of moniforing for improving fhe 
freafabilify of cancer may nof be esfablished. Prophylacfic inferven- 
fions may have limifed benefifs while possessing subsfanfial risks. Af 
fhe same fime, fhere are significanf nonmedical risks associafed wifh 
receiving fhe resulfs of fesfing, parficularly if fhey are positive. Exisf- 
ing uncerfainfies abouf fhe probabilify of achieving fhe benefifs while 
avoiding fhe associafed risks exacerbafe fhe problem of making defin- 
ifive risk-benefif assessmenfs abouf fhe advisabilify of fesfing. Third, 
fhe reasonableness of fesfing for individual pafienfs will infegrally de- 
pend on fhe value or weigh! fhaf fhey assign fo fhe parficular benefifs 
and risks associafed wifh fesfing. For example, a person who places a 
high priorify on avoiding conflicfed relafionships may choose nof fo 
undergo fesfing for BRCAl when faced wifh family opposition, even 
if he or she acknowledges fhaf some pofenfial healfh benefifs mighf be 
obfained. Similarly, a woman wifh a family hisfory of breasf cancer 
may find fhe pofenfial benefifs of fesfing negligible if she would likely 
decline prophylacfic masfecfomy or oophorectomy for cosmefic or re- 
producfive reasons or considers chemoprophylaxis fo involve unac- 
cepfable, additional healfh risks.^^ Thus, fhe specific values and goals 




66 Chapter 3 Ethical Issues in Genetic Testing 



of the patient may bear heavily on the determination of whether the 
risks associated with genetic testing for inherited cancer susceptibility 
are outweighed by the anticipated benefits for the control of cancer 
risk. Fourth, aside from the weighting of the particular benefits and 
risks of genetic testing, persons may have different general values 
about seeking and using medical information in plarming their lives. 
Psychological research has suggested that some persons are informa- 
tion seekers who cope by reducing uncertainty about their health sta- 
tus, while others are information avoiders who cope by maintaining 
uncertainty. For persons who are information seekers, even posi- 
tive results of genetic testing may enhance their sense of well-being 
and personal control over their health. But for persons who are infor- 
mation avoiders, confronting genetic information about disease sus- 
ceptibilities may pose numerous perceived threats.^^ One is the per- 
ceived threat to life and the maintenance of bodily integrity that may 
occur if an increased cancer risk is confirmed. A second is the perceived 
threat to self-concept and future plans. Learning that one has a genetic 
cancer susceptibility may cause reconsideration of self-image, occupa- 
tional goals, and one's current conception of the extent of personal con- 
trol over the course of life. Another, already discussed, involves per- 
ceived threats to emotional equilibrium. Potential candidates for 
genetic testing may have limited psychological resources for handling 
intense emotional reactions such as depression, anxiety, anger, and a 
sense of failure. Finally, positive test results may generate perceived 
threats to the fulfillment of social roles and activities. For example, per- 
sons may feel that previous career goals are unrealistic or they may ex- 
perience ambivalence about the appropriateness of parenthood. For 
information avoiders, genetic testing may thus pose major coping chal- 
lenges for which they possess limited psychological resources and that 
lead them to adversely assess the value of securing predictive infor- 
mation about their health. These considerations may partly explain the 
observation that, while many persons express an interest in genetic 
testing when the opportunity is posed in the abstract, far fewer actu- 
ally undergo testing when it becomes available.^® 

The net import of these considerations is that the determination that 
the risks of genetic testing are outweighed by the anticipated benefits 
for particular patients, and that the risk-benefit ratio of testing is more 
favorable than the alternative of not testing, often carmot be made 
based on simple medical indications. Rather, these judgments must in- 
corporate an understanding of how individual patients weigh the ben- 
efits and risks of testing in terms of their own values and goals. This 
understanding must unfold in the interactive process in which the im- 
plications of genetic testing are explored with the patient. These con- 
siderations underscore the crucial importance of the informed consent 
and genetic counseling process. 

Role and Limits of Autonomy in Testing 

The moral principle of respect for autonomy requires that we protect 
and promote the capacity of persons to deliberate and act on their own 
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values and goals. In the context of the therapeutic relationship, the 
moral importance of respecting fhe values and goals of fhe pafienf gives 
rise fo several specific moral duties, including fhe requiremenfs fo se- 
cure informed consenf for medical infervenfions and profecf fhe con- 
fidenfialify of privafe informafion revealed by fhe pafienf. The com- 
mon feafure of fhese rules is fhaf fhey enable pafienfs fo exercise confrol 
over fhe conditions and circumsfances under which fhey will permif 
ofhers access fo fheir bodies or personal informafion abouf fhemselves. 

The informed consenf and genetic counseling process facilifafes fhe 
abilify of persons fo deliberafe and acf on fheir own values and goals 
only if several conditions are safisfied.^® Firsf, fhose ifems of informa- 
fion musf be disclosed fhaf a reasonable person would need fo know 
in making a decision abouf whefher fo undergo fhe proposed medical 
infervenfion. Second, fhe process musf resulf in adequafe comprehen- 
sion by fhe pafienf of fhe informafion disclosed. While fhe disclosure 
requiremenf is usually emphasized in fhe preparation of consenf doc- 
umenfs, fhe comprehension condifion is no less imporfanf. Unless pa- 
fienfs adequafely comprehend fhe informafion disclosed, fhey carmof 
use if effecfively fo defermine whefher fhe proposed infervenfion com- 
porfs wifh fheir own values and goals. Moreover, insofar as compre- 
hension is a necessary condifion of securing an adequafely informed 
consenf, fhe healfhcare provider has fhe responsibilify for assuring fhaf 
fhe pafienf achieves a safisfacfory undersfanding of fhe informafion 
disclosed. Third, fhe agreemenf or refusal of fhe pafienf fo proceed wifh 
fhe proposed infervenfion musf be made volunfarily, fhaf is, fhe deci- 
sion of fhe pafienf musf reflecf his or her own values and goals rafher 
fhan being defermined by fhe coercion, manipulation, or undue influ- 
ence of ofher persons. Lasf, fhe process musf conclude wifh an under- 
sfanding and infenfional aufhorizafion by fhe pafienf of fhe proposed 
infervenfion. 

In clarifying fhe healfhcare provider's obligation fo respecf fhe pa- 
fienf's aufonomy, if is imporfanf fo disfinguish befween fhe consenf 
process fhaf culminafes in an undersfanding, volunfary aufhorizafion 
by fhe pafienf and fhe signing of fhe informed consenf form. The laf- 
fer action provides confirmafion or documenfafion fhaf fhe informed 
consenf process has occurred and has issued in a posifive decision by 
fhe pafienf fo aufhorize fhe infervenfion. The signing of fhe form is nof 
equivalenf fo informed consenf in fhaf fhe mere acf of signing may or 
may nof reflecf an undersfanding and volunfary decision by fhe pa- 
fienf fo aufhorize fhe proposed infervenfion. Rafher, informed consenf 
and genefic counseling consfifufes a process of disclosure, compre- 
hension, and volunfary choice culminafing in an undersfanding and 
infenfional aufhorizafion of fhe infervenfion. Unless fhe process safis- 
fies fhe conditions described above, fhe signing of fhe consenf form 
does nof reflecf safisfacfion of fhe healfhcare provider's dufy fo secure 
fhe informed consenf of fhe pafienf. 

Safisfacfion of fhe disclosure condifion for informed consenf involves 
communication of numerous cafegories of informafion fhaf a reason- 
able person in fhe pafienf's position would need fo know in making a 
decision abouf fesfing for inherifed cancer suscepfibilify.^°'^^ One caf- 
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egory involves information about testing procedures, including the ac- 
curacy and limitations of the test itself, as well as the procedures for 
pre- and posttest counseling. The possible outcomes of testing in terms 
of true positives, true negatives, and merely uninformative results must 
be explained. The potential benefits of either positive or negative 
results should be explored, including the potential usefulness and 
limitations of interventions for prevention, medical surveillance, and 
prophylaxis. The potential risks of testing must also be examined, in- 
cluding psychological effects, familial conflicts, and the social risks of 
insurance and employment discrimination. Similarly, the possible im- 
plications of testing for the risk status of the patient's children should 
be addressed. Provisions for protecting the confidentiality of the in- 
formation secured through testing must be addressed, including the 
conditions under which results would be disclosed to insurers, em- 
ployers, or other third parties. The patient should also be aware that 
test results may be relevant to the health of other family members, and 
they should be invited to consider whether they would be willing to 
share this information with relatives. The alternatives to testing must 
be explored, especially the ability to estimate the risk of cancer and in- 
stitute appropriate monitoring and surveillance in the absence of test- 
ing. Finally, the costs of testing and fees associated with counseling 
must be explained. 

Although disclosure of pertinent information in the counseling pro- 
cess is a necessary condition of adequately informed consent, it is not 
sufficient. Assessment must also be made of the extent to which pa- 
tients comprehend the information disclosed. This assessment requires 
that the process of genetic counseling be substantially interactive.^^ One 
component of this interactive assessment involves inviting patients to 
ask questions about information that they do not understand. How- 
ever, it is well established that patients often do not ask questions even 
when they do not comprehend information disclosed. A more critical 
element of the assessment involves the active querying of patients to 
determine their level of comprehension. A useful approach to this pro- 
cess involves asking patients to put in their own words their under- 
standing of the information presented. In some settings, formal testing 
may also be useful in identifying items of poorly comprehended in- 
formation that may need to be revisited with patients. 

Finally, assuring voluntary consent by patients involves assessment 
of whether the factors motivating the patient's decision to undertake 
genetic testing reflect their own values and goals. One component of 
this process involves an interactive probing of the reasons patients are 
seeking testing and the determination that these reasons do not repre- 
sent a substantial or controlling influence of other persons. This does 
not mean that patients carmot agree to undergo testing primarily to 
meet the health needs of other family members, but rather that the 
commitment to meet those needs must be an important component of 
their own values and goals. A second critical factor in assuring an ad- 
equately voluntary consent is the commitment of the healthcare 
provider to demur from being directive in the counseling process. This 
view is contrary to some recent suggestions that the model of nondi- 
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rective counseling, bom in the era when genetics counseling focused 
on reproductive decision making, may need to be modified wifh re- 
gard fo decision making abouf genefic fesfing for disease suscepfibil- 
ify 23,24 However, as we saw above, deferminafion fhaf fhe risks of ge- 
nefic fesfing are oufweighed by fhe anficipafed benefifs depends in 
subsfanfial parf on fhe weighf fhaf individuals attach fo fhe pofenfial 
benefifs of fesfing for confrol of fheir cancer risks, as well as fo fhe var- 
ious risks of adverse psychological, familial, and social consequences 
fhaf may ensue from fesfing. Moreover, persons who are information 
avoiders rafher fhan informafion seekers place considerably differenf 
general weighf on fhe merifs of securing predictive informafion abouf 
fheir risks of disease. Thus, in fhe absence of definitive medical indi- 
cations for fesfing, counseling fhaf is direcfive may encourage persons 
fo make decisions for cancer suscepfibilify fesfing fhaf do nof conform 
fo fheir own values and goals. 

Respecf for fhe aufonomy of pafienfs also requires fhaf healfhcare 
providers profecf fhe confidenfialify of medical informafion acquired 
in fhe course of fhe fherapeufic relafionship. There are imporfanf rea- 
sons for fhe sfrong moral presumption in favor of mainfaining confi- 
denfialify.^^ One is fhaf respecf for pafienfs requires fhaf fhe condifions 
and circumsfances under which privafe informafion is revealed fo ofher 
persons musf accord wifh fheir own values and goals. If persons are 
nof able fo exercise such confrol, fhen fheir abilify fo pursue fheir life 
plans in fhe manner of fheir own choosing may be seriously impaired. 
Anofher reason for fhe sfrong presumpfion in favor of profecfing con- 
fidenfialify is fhaf failure fo do so may seriously compromise fhe abil- 
ify of healfhcare providers fo secure fhe informafion from pafienfs nec- 
essary fo provide effective and safe medical infervenfions. If pafienfs 
are unable fo frusf healfhcare providers fo profecf sensitive personal 
informafion from fhird parties, fhen fhey may nof be forfhcoming wifh 
fhe informafion needed fo make accurafe diagnoses and appropriafe 
recommendations for freafmenf. Indeed, pafienfs may be relucfanf fo 
share cerfain sensifive medical problems wifh healfhcare providers af 
all. Finally, respecf for confidenfialify reinforces fhe recognifion fhaf 
fhe primary obligafion of healfhcare providers is fo profecf and pro- 
mofe fhe inferesfs of fhe pafienf, and safisfying fhe inferesfs of ofher 
parfies musf be secondary fo fhis essenfial focus. 

Neverfheless, informafion derived from genefic fesfs for inherifed 
cancer suscepfibilify is differenf from ordinary medical informafion in 
fhaf if carries implicafions for fhe healfh sfafus of family members as 
well. This informafion may be useful fo family members in prevenfing 
serious risk of harm. A sfrong argumenf can be made fhaf pafienfs have 
a moral duly fo disclose informafion abouf fesf resulfs fo fheir family 
members if fhe laffer desire fo receive such informafion. If can also be 
mainfained fhaf healfhcare providers have a dufy fo emphasize fhe im- 
porfance of fhis dufy in fheir counseling of pafienfs. While surveys re- 
veal fhaf mosf pafienfs are willing fo disclose relevanf informafion fo 
family members, if is clear fhaf fhis is nof always fhe case.^^ Thus, fhe 
quesfion arises as fo whefher if is ever permissible for fhe healfhcare 
provider fo violafe fhe moral presumpfion in favor of profecfing fhe 




70 Chapter 3 Ethical Issues in Genetic Testing 



confidentiality of the patient to provide pertinent information to fam- 
ily members. 

It is widely accepted that the moral duty to protect the confiden- 
tiality of patients is not absolute. The underlying idea is that the scope 
of the moral right to exercise our autonomy does not extend to cir- 
cumstances in which its exercise may cause serious and irreversible 
harm to others. When disclosure of confidential information may pre- 
vent serious and irreversible harm to other individuals, these interests 
may sometimes outweigh the duty to respect the patient's request to 
maintain confidentiality.^^ This exception has been recognized in case 
law.^®'^® In addition, healthcare providers are t 5 q)ically under statutory 
obligations to report specific information received in the therapeutic 
relationship related to contagious diseases, child abuse, gunshot 
wounds, and conditions that are not compatible with safe driving. 
However, because of the strong moral reasons favoring protection of 
patient confidentiality, the conditions under which confidentiality may 
be violated in individual cases not covered by legal reporting require- 
ments must be precisely and narrowly construed. Specifically, it is 
morally permissible to violate confidentiality only if (1) nondisclosure 
will result in serious and irreversible harm to a third party, (2) the dis- 
closure of the information has a strong probability of preventing that 
harm, (3) there is no available alternative for preventing the harm, (4) 
the disclosure of confidential information is limited to that necessary 
to prevent the harm, and (5) it is likely that the disclosure will result 
in a net balance of good over harm.^*^ 

The crucial question is whether these conditions are ever satisfied 
with regard to the nonvoluntary disclosure by the healthcare provider 
of confidential information related to the results of genetic testing for 
inherited cancer susceptibility. With respect to the latter, it seems clear 
that usually one or more of the conditions are not satisfied. Typically, 
the penetrance of the gene is incomplete. For example, in the case of 
BRCAl the lifetime risk of breast cancer is probably in the range of 
60% to 85% while the risk of ovarian cancer may not exceed 40%.^^“^^ 
As a result, it cannot usually be claimed that nondisclosure of posi- 
tive test results to an unsuspecting relative will, in fact, result in the 
serious and irreversible harm posed by the diagnosis of cancer. In ad- 
dition, it is often not clear that disclosure to potentially affected rel- 
atives will prevent the harm of diagnosis of cancer from occurring. 
For example, as noted earlier in the case of BRCAl, careful monitor- 
ing to provide early detection may not result in more effectively 
treated disease, especially with respect to ovarian cancer. Likewise, 
chemoprophylaxis appears to reduce the risk of the disease by less 
than 50%. Even prophylactic surgery does not eliminate the risk of 
breast or ovarian cancer in residual tissue. Thus, nonvoluntary dis- 
closure of confidential information regarding positive results of test- 
ing may not carry a sufficiently high probability of preventing the 
harm to family members to warrant violation of confidentiality. Fi- 
nally, there are typically alternatives available for preventing the po- 
tential harm to family members. If they are aware of their own fam- 
ily cancer history, they may educate themselves about whether they 
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may be at increased risk of having an inherited susceptibility and 
might profit from undergoing genetic testing. There are frequent dis- 
cussions of these matters in popular magazines, on the Internet, and 
on television for persons who are motivated to learn more about how 
to control their cancer risks. 

Having made these general points, it is clear that cases may occur 
in which the conditions for violating confidentiality might be satisfied. 
Suppose, for example, that a woman is plarming to undergo a bilateral 
prophylactic mastectomy, based on a strong family history of breast 
cancer, even though her results for BRCAl and BRCA2 testing were 
uninformative. In the meantime, her estranged sister who was diag- 
nosed with early-onset breast cancer is tested at the same clinic and a 
specific mutation is identified. This introduces the possibility of retest- 
ing the first sister to determine whether she carries the specific muta- 
tion now identified in the family lineage. The estranged sister balks at 
communicating the result to her sibling. In this case, there may be 
strong grounds for overriding the presumption in favor of maintain- 
ing confidentiality. The first sister is contemplating major surgery 
whose harms might be averted if she is retested and found to be neg- 
ative for the family mutation. There is no alternative to preventing this 
harm short of compromising her sibling's confidentiality. In this case, 
the grounds for overriding confidentiality may exist. However, it re- 
mains true that the conditions for overriding confidentiality will nor- 
mally not exist in the context of genetic testing for inherited cancer 
susceptibility and that the strong general presumption in favor of 
protecting confidentiality should be maintained. 

Another important autonomy-related issue concerns the right of par- 
ents to request genetic testing of their children for inherited cancer sus- 
ceptibility. Parents who are determined to have genetic susceptibility 
to cancer usually express deep concerns about the status of their chil- 
dren, and some request that their children be tested.^^'^® Moreover, ex- 
isting survey data suggest that a substantial percentage of physicians 
and other healthcare providers are willing to accede to such requests.^® 
Despite this fact, numerous professional guidelines have suggested that 
clear limitations should be placed on the conditions under which such 
testing is performed.^^"^® 

Parents are in general assigned wide discretion in making healthcare 
decisions for their children. However, the scope of parental autonomy 
is properly restricted in circumstances where its exercise might cause 
serious and irreversible harm to their children. For example, parents 
are permitted by law to reject recommended medical treatment for their 
child unless the child is likely to die without the recommended inter- 
vention, the intervention itself will not seriously endanger the life of 
the child, the proposed intervention is likely to return the child to a 
normal state of health, and there is no alternative intervention accept- 
able to the parents that is likely to prevent serious and irreversible harm 
to the child. Thus, the crucial moral question with regard to a parental 
request for genetic testing for their child is whether such testing poses 
the likelihood of serious and irreversible harm to the interests of the 
child. 
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There are clearly circumstances in which genetic testing for inher- 
ited cancer susceptibility has established medical benefit for childrend^ 
For example, in families with a history of retinoblastoma, testing of in- 
fants for the RB gene serves two important functions. For children who 
test positive, regular eye examinations may provide for early diagno- 
sis and treatment of the disease, possibly with full preservation of eye- 
sight. For children without the inherited predisposition, the discom- 
fort of frequent eye exams can be avoided. Similarly, in families with 
FAP, affected children may develop cancerous pol 5 q)s before puberty, 
so surveillance with colonoscopy is crucial to the timing of surgical in- 
terventions to avoid the spread of untreatable disease. Thus, genetic 
testing to determine whether children have inherited the mutation and 
require aggressive monitoring is essential to maintaining their health. 
In these cases, the moral right of parents to request such testing is not 
limited. 

Flowever, testing of children for inherited cancer susceptibility has 
no established medical benefit in most cases. For example, in families 
with BRCAl and BRCA2 mutations breast and ovarian cancer do not 
occur until adulthood. There are no preventive lifestyle changes, mon- 
itoring regimens, or prophylactic interventions that are thought to fa- 
cilitate risk reduction or early diagnosis for children with inherited sus- 
ceptibility to breast and ovarian cancer. When there is no established 
medical benefit associated with testing, then the question of whether 
testing also poses the risk of serious and irreversible harm to the in- 
terests of children becomes paramount. If such risks are created, then 
the autonomy of parents to request such testing may be overridden to 
protect the interests of children. 

There are good reasons for maintaining that testing may seriously 
undermine the interests of children when there is no established med- 
ical benefit. First, the psychosocial welfare of children may be seriously 
endangered. The potential consequences of positive test results in- 
clude creating emotional stress for children, inhibiting the completion 
of important developmental tasks, and inducing patterns of parenting 
that exacerbate these problems. With regard to emotional stresses, chil- 
dren may experience the same negative reactions as adults, such as 
anger, depression, and loss of self-esteem. These affective states may 
impair the ability of children to prepare for adult roles by making them 
less motivated to pursue highly challenging educational or occupa- 
tional goals. They may also impair their ability to form healthy per- 
sonal relationships. For example, feelings of unattractiveness or un- 
worthiness may impede the development of romantic relationships, 
and worries about the health of future children may create ambiva- 
lence about assuming the role of parent. Finally, positive test results 
may induce deleterious patterns of parenting, causing parents to be- 
come overprotective, lower expectations for their children, provide 
them with less socialization to future roles, and treat them in ways un- 
justifiably different from unaffected siblings. Second, testing of chil- 
dren impairs the exercise of their own developing autonomy. Specifi- 
cally, children have an interest in the preservation of their autonomy 
to decide about genetic susceptibility testing as adults, rather than hav- 
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ing the choice imposed on them as childrend^'^^ As suggested earlier, 
individuals may assign different weight to the potential benefits and 
harms associated with genetic testing for cancer suscepfibilify. More- 
over, persons have differenf values and goals abouf seeking and using 
predictive medical information in planning fheir lives. Tesfing of chil- 
dren in fhe absence of esfablished medical benefif deprives fhem of fhe 
opporfunify fo decide for fhemselves whefher suscepfibilify fesfing 
comporfs wifh fhe values and goals fhaf fhey cherish as adulfs. Third, 
fesfing of children for inherifed cancer suscepfibilify may impair fheir 
fufure opporfunify. Reasonable opporfunify fo pursue fheir life plans 
as adulfs requires fhaf children have continuing access fo cerfain basic 
goods as fhey enfer adulfhood, such as higher education, desirable po- 
sitions of employmenf, and adequafe healfhcare (via insurance). Af 
presenf, fhere are insufficienf legal profecfions fo guaranfee fhaf chil- 
dren who fesf positive for adulf-onsef cancer suscepfibilifies will nof 
be deprived of fhese basic goods when fhey enfer adulfhood. Thus, in 
fhe absence of esfablished medical benefifs fhe requesf of parenfs fo 
have fheir children fesfed for inherifed cancer suscepfibilify should nof 
be satisfied by healfhcare providers due fo fhe pofenfial for serious and 
irreversible harm fo fhe relevanf inferesfs of children. 

Additional issues abouf fhe limifs of personal aufonomy righfs arise 
wifh regard fo prenafal fesfing of fefuses and preimplanfafion assess- 
menf of embryos for inherifed cancer suscepfibilify. Members of fam- 
ilies wifh a history of inherifed cancer may consider if highly desirable 
fo avoid having children fo whom fhey mighf fransmif fhe suscepfi- 
bilify fo cancer. Prenafal or preimplanfafion genefic assessmenf may 
enable fhem fo have fheir own biologic children while avoiding frans- 
mission of fhis genefic risk. From a legal sfandpoinf, fhe permissibil- 
ify of using fesfing fo guide selective abortion or selective implanfa- 
fion of embryos is clear. As long as Roe v Wade is nof revised, sfafes 
may nof impose limifs on fhe indications for which persons may choose 
aborfion, provided fhaf fhe fefus has nof reached fhe sfage of viabil- 
ify.^^ This same discretion under fhe privacy provisions of fhe US 
Consfifufion should apply fo fhe selecfion of embryos for implanfa- 
fion. Thus, fhe only pofenfial barrier fo prenafal fesfing of fefuses or 
preimplanfafion fesfing of embryos is fhe willingness of healfhcare 
providers fo offer fhese genefic services. 

The appropriateness of offering genefic fesfing of fefuses or embryos 
for inherifed cancer suscepfibilify depends on whefher fhere are risks 
of serious and irreversible harm fo fefuses or embryos fhaf should place 
limifs on fhe aufonomous choices of persons fo requesf such fesfing. 
One issue here concerns whefher fefuses and embryos have a moral 
sfafus fhaf even admifs assignmenf of morally significanf inferesfs fhaf 
mighf outweigh reproductive autonomy. If fhey possess fhe same 
moral sfafus as adulfs, fhen selecfive aborfion or selecfive discarding 
of embryos based on an inherifed cancer suscepfibilify clearly violafes 
fheir inferesf in preservafion of life.^^ On fhe ofher hand, if embryos 
and fefuses are nof assigned moral sfafus, or if fhey have a moral sfa- 
fus fhaf is less weighfy fhan fhaf of children and adulfs, fhen fesfing 
fhem for inherifed cancer suscepfibilifies may nof involve fhe violafion 
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of morally significant interests that might outweigh reproductive 
autonomy. 

A second issue concerns whether there are limits on the conditions 
for which prenatal or preimplantation testing is appropriately of- 
fered.^® Conditions for which testing is requested may include severe 
congenital anomalies, minor medical conditions like predisposition to 
moderate obesity, or even physical traits like eye color. Assuming that 
fetuses and embryos have some degree of moral standing and inter- 
ests that merit consideration, it seems inappropriate to offer genetic 
testing leading to selective abortion or selective discarding of embryos 
to avoid trivial medical conditions or merely undesirable traits.^®'^° If 
a line must be drawn between appropriate and inappropriate indica- 
tions for selection of fetuses and embryos, then it must be determined 
on which side testing for inherited cancer susceptibility resides. The 
answer to this question will obviously depend on the means available 
to reduce the adverse consequences of the inherited susceptibility. If 
the adverse consequences associated with the inherited cancer suscep- 
tibility can be controlled in a maimer that allows persons to pursue 
their life plans in a satisfactory marmer, then it would be difficult to 
justify the claim that selective abortion of fetuses or selective discard- 
ing of embryos does not pose a serious and irreversible harm to their 
interests. On the other hand, if inherited cancer susceptibility is viewed 
as a condition, like severe congenital anomalies, that itself imposes ir- 
remediable and severe harm on a person, then selective abortion or se- 
lective discarding of embryos does not constitute the imposition of a 
serious and irreversible harm on fetuses or embryos. 

At present, both issues remain unresolved. There is no general agree- 
ment on the moral status of fetuses or embryos. Likewise, there is no 
general agreement regarding the indications for which it is appropri- 
ate to use genetic testing to facilitate selective abortion or selective dis- 
carding of preimplantation embryos. In light of these disagreements 
and the permissibility of these activities under law, the selection of fe- 
tuses and embryos on genetic grounds related to inherited cancer sus- 
ceptibility appears to be a permissible component of the procreative 
liberty of individuals.^^ 



Fair Treatment in Testing 

Persons have a paramount interest in just or fair treatment vis a vis 
other individuals with respect to the distribution of goods and services 
in society. Criteria for fair distribution depend on the nature of the 
goods and the activity or practice in which the distribution is embed- 
ded. For example, fairness in athletic competitions requires that tro- 
phies be distributed to those whose performance is superior to their 
competitors. Fairness with respect to the provision of luxury consumer 
goods, like expensive cars or television sets, involves distribution ac- 
cording to the ability of persons to pay for such goods. By contrast, it 
is widely accepted that fairness in the distribution of basic or essential 
goods — those necessary for persons to pursue their life plans — should 
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occur in a manner that provides all persons with equal opportunity vis 
a vis one another.^^ For example, a basic education is crucial to the ef- 
forts of persons fo achieve imporfanf goals in life. Social arrangemenfs 
are considered unjusf if members of one group are provided wifh less 
opporfunify fo be educafed fhan members of ofher groups. This sifu- 
afion mighf occur when significanfly less funding for public education 
is provided for schools in which sfudenfs of one efhnic group pre- 
dominafe compared fo schools populafed primarily by members of an- 
ofher efhnic group. Concerns arise abouf fhe fairness of currenf social 
arrangemenfs in which persons wifh inherifed cancer suscepfibilify 
may nof have access fo imporfanf goods such as insurance and em- 
ploymenf. The fundamenfal moral issue concerns which criferia of fair 
disfribufion apply fo fhese goods and whaf implications follow for se- 
curing access by persons wifh inherifed cancer suscepfibilify 

A major focus of concern relafes fo fhe availabilify of healfh insurance 
and fhe access fhaf if provides fo adequafe healfhcare. Among Ameri- 
cans who have healfh insurance, nearly 80% parficipafe in large-group 
plans in which fhe insurabilify of individuals is nof assessed. How- 
ever, for persons seeking privafe healfhcare insurance positive resulfs of 
genetic fesfing for cancer suscepfibilify may be used fo deny coverage, 
specify pre-exisfrng conditions, increase rafes, or sef special claims lim- 
ifs. Even for persons who parficipafe in small-group plans or who work 
for large self-insured employers, individual healfh profiles may be used 
fo defermrne rafes or esfablish claims limifs, even if fhis information is 
nof used fo defermine eligibilify for healfh insurance. 

Legal sfafufes addressing fhe access of affecfed individuals fo healfh 
insurance provide only limifed and uneven profecfion.^^ Af fhe federal 
level, fhe Healfh Insurance Porfabilify and Accounfabilify Acf of 1996 
prohibifs group healfh insurance plans from using genefic information 
fo specify pre-exisfing conditions or defermine eligibilify for coverage, 
alfhough fhe Acf does nof sef resfricfions on using fhis information fo 
increase rafes, sef lifefime limifs on coverage, or fo esfablish ofher pol- 
icy limifafions.®^ Wifh regard fo sfafe law, more fhan half of fhe sfafes 
prohibif insurers from using fhe resulfs of genefic fesfs fo deny cover- 
age or charge higher rafes. However, an imporfanf gap in fhese re- 
quiremenfs was creafed by fhe federal Employee Refiremenf Income 
Securify Acf of 1974, which excludes employer inifiafed self-insurance 
healfh plans from fhe requiremenfs of sfafe insurance regulafions. As 
a resulf, fhe quesfion of whefher fhe principle of jusfice requires re- 
sfricfions on fhe access of healfh insurers fo genefic information con- 
finues fo have parficular relevance.®^ 

An argumenf can be mounfed fhaf fairness in access fo healfh in- 
surance or fhe confracfual ferms under which if may be purchased by 
persons wifh inherifed cancer suscepfibilify should be based on fheir 
acfuarially defermined risk. Eirsf, if possession of an inherifed cancer 
suscepfibilify carmof be used in defermining insurance eligibilify, rafes, 
and limifs of coverage, fhen low-risk unaffecfed persons are unfairly 
forced fo subsidize fhe cosfs anficipafed for high-risk persons who have 
an inherifed cancer suscepfibilify. Insurers would be forced fo charge 
higher overall rafes fo low-risk persons fhan would be necessary if fhey 
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could distinguish between those with and without inherited cancer sus- 
ceptibility.^^ Second, if the use of information abouf genetic risk sfafus 
cannof be used fo defermine fhe ferms of healfh insurance coverage, 
fhen persons wifh equally high risk sfafus deriving from nongenefic 
condifions will be freafed unfairly vis a vis fhose wifh inherifed can- 
cer suscepfibilify. Insurers will be legally permitted fo charge higher 
rafes for persons who have significanf risks for poor healfh due fo non- 
genefic condifions fhan for persons wifh genetic condifions and simi- 
lar healfh risks. In fhis respecf, informafion abouf inherifed cancer sus- 
cepfibilify should function no differenfly fhan ofher kinds of medical 
informafion fo which insurers are already allowed access.^® Third, if 
use of genefic informafion by insurers is prohibifed, fhen fhose who 
know fhey have inherifed cancer suscepfibilifies will be able fo pur- 
chase more comprehensive insurance fo cover fhe probabilify fhaf fhey 
will have unusually high medical expenses. The phenomenon is called 
"adverse selection." This oufcome will exacerbafe fhe unfairness fo un- 
affecfed persons, whose insurance cosfs will be furfher increased by 
fhe expenses associafed wifh fhe medical care of fhose wifh inherifed 
cancer suscepfibilify. 

On fhis view, access fo healfh insurance is defermined by risk sfa- 
fus and fhe abilify fo pay for fhe insurance producfs available on fhe 
open markef. Healfh insurance is freafed as a consumer good some- 
whaf like felevisions sefs or, perhaps more analogously, morfgages or 
personal loans, because fhe ferms of fhe laffer are defermined by fhe 
risk profile of fhe borrower. However, healfh insurance is nof analo- 
gous fo general consumer ifems fhaf play no essential role in facilifaf- 
ing fhe opporf unify of persons. In fhe absence of access fo affordable 
healfh insurance and adequafe healfhcare, persons may be fhwarfed in 
fheir efforf fo pursue fheir life plans. In fhis respecf, fhe sfafus of healfh 
insurance seems more akin fo public education fhan consumer goods 
like felevision sefs or luxury cars. 

If healfh insurance is assigned a sfafus as an essenfial good, fhen an 
argumenf can be arficulafed in supporf of fhe view fhaf fair disfribu- 
fion of access fo if should be defermined according fo differenf crife- 
ria of jusfice.®^ According fo fhis view, sociefy is obligafed fo provide 
all persons access fo essenfial goods in a marmer fhaf assures fhaf fhey 
have an equal opporfunify vis a vis ofher individuals fo pursue fheir 
life plans. When persons are disadvanfaged fhrough no faulf of fheir 
own wifh regard fo fheir abilify fo secure basic goods, fhen sociefy 
musf provide fhem wifh special assisfance or profecfion fo assure fhaf 
fheir opporfunifies in life are equal fo fhose of persons who are more 
forfunafe. An example is fhe legal requiremenf for fhe provision of 
wheelchair access of disabled persons fo public buildings. In fhe ab- 
sence of fhese provisions, persons who are wheelchair bound would 
be denied educafional or work opporfunifies available fo persons who 
are able fo walk. Similarly, persons wifh inherifed cancer suscepfibil- 
ify may be viewed as having a special vulnerabilify, fhrough no faulf 
of fheir own, fhaf may resulf in fhe denial of access fo basic goods like 
healfh insurance. If sociefy is fo assure fhaf fhey possess equal oppor- 
funify compared fo persons wifhouf fhese inherifed fraifs, fhen special 




T.F. Ackerman 77 



protections must be established that deny insurers access to informa- 
tion about inherited cancer susceptibilities that might be used to de- 
termine eligibility for insurance or sef highly unfavorable confracfual 
ferms.^° Thus, fair disfribufion of healfh insurance considered as an es- 
sential good requires fhaf if be disfribufed according fo fhe criferion of 
equal opporfunify. 

Even if fhe sfafus of healfh insurance as an essenfial good is granfed, 
quesfions remain abouf fhe fairness of singling ouf inherifed cancer 
suscepfibilify or ofher genefic condifions for special profecfion. An ob- 
jection is fhaf fhe sweep of fhe above argumenf is too broad. If fhe 
equal opporfunify criferion for jusf disfribufion is applied fo access fo 
healfh insurance for persons wifh inherifed cancer suscepfibilify or 
ofher genefic condifions, fhen if musf also be applied fo persons wifh 
nongenefic healfh condifions fhaf may also resulf in denial of access fo 
healfh insurance. This resulf is problemafic because if would sweep 
aside acfuarial risk assessmenf as a basis for defermining eligibilify for 
and fhe confracfual ferms of individual healfh insurance. 

One response is fo affempf fo draw a disfincfion befween medical 
condifions for which persons are nof responsible and fhose resulting 
from lifesfyle choices for which persons are responsible. While sociefy 
may have an obligation of justice fo repair inequalities of opporfunify 
in access fo basic goods for which persons are nof responsible, if is nof 
obligafed fo correcf inequalifies of access fhaf resulf from fhe volun- 
fary decisions of persons fhaf compromise fheir abilify fo pursue fheir 
life plans. Because inherifed condifions are paradigm insfances of 
condifions for which persons are nof responsible, special assisfance is 
appropriate fo assure fhaf fhese condifions do nof impair fhe access of 
persons fo basic goods. One problem wifh fhis response is fhaf if as- 
sumes fhaf we can easily distinguish befween medical condifions for 
which persons are responsible and fhose for which fhey are nof. More 
imporfanfly, fhis response ignores fhe facf fhaf fhere are many med- 
ical condifions unrelated fo inherifed fraifs, such as injuries resulfing 
from unavoidable accidenfs, for which persons are nof responsible. 
Therefore, fhe problem of why persons wifh inherifed condifions 
should be singled ouf for special profecfions remains unresolved. 

The mosf direcf response fo fhe objection is fo admif fhaf fhe argu- 
menf in favor of special profecfions for access of persons wifh inher- 
ifed cancer suscepfibilify is indeed overly broad, buf fhaf fhe objection 
ifself cufs fwo ways. We mighf rejecf fhe equal opporfunify criferion 
for fair disfribufion of access fo healfh insurance because if would 
sweep aside fhe abilify fo defermine access based on fhe risk assess- 
menf of individuals. Or, we mighf conclude fhaf fair disfribufion 
according fo fhe equal opporfunify criferion requires fhaf persons 
wifh nongenefic medical condifions be freafed in precisely fhe same 
marmer as persons wifh genefic condifions. In fhis case, individual 
risk rating musf be considered unjusf. To implemenf fhe equal oppor- 
funify principle, if is necessary fo assure fhaf all individuals have ready 
access fo minimally adequafe healfh insurance, eifher fhrough 
governmenf-sponsored programs or fhrough privately adminisfered 
insurance plans based solely on communify rating mechanisms. 
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Persons with inherited cancer susceptibility might be denied access 
to other important forms of insurance as well, such as life and disabilify 
insurance. Criferia for fhe jusf disfribufion of access fo fhese goods de- 
pends on whefher fhey are concepfualized as general consumer ifems 
or as essenfial goods infegral fo fhe abilify of persons fo pursue fheir 
life plans. If fhe laffer, fhen a similar argumenf can be consfrucfed fhaf 
fhe principle of equal opporfunify should also guide access fo fhese 
ofher forms of insurance as well. However, fhese goods are in general 
viewed as less essenfial fo fhe abilify of persons fo pursue fheir life 
plans fhan access fo healfhcare, a basic education, or employmenf. De- 
spife fheir being less essenfial, fhe absence of some minimally adequafe 
amounf of life insurance and disabilify insurance may arguably be 
claimed fo impair fhe abilify of persons fo pursue fheir life plans. For 
example, lack of access fo life insurance may fhwarf fheir goal fo pro- 
vide some securify for fheir children in fhe evenf of fheir untimely 
deafh. Perhaps fhe mosf safisfacfory solufion regarding fhese ofher 
forms of insurance would be fo legally prohibif fhe use of information 
abouf inherifed cancer suscepfibilify wifh respecf fo fhe purchase of 
policies below a relatively modes! amounf. Neverfheless, fhis type of 
proposal is subject to the same charge of being overly broad that was 
made with respect to health insurance. If legal restrictions are placed 
on the access of insurers to information about inherited cancer sus- 
ceptibility for life and disability insurance policies below a certain 
amount, then it is unclear why similar restrictions on the use of infor- 
mation about other medical conditions should not also be established. 

Persons with inherited cancer susceptibility may also face denial of 
access to employment opportunities. Employers may be concerned 
about the potential costs posed by employees who are at increased risk 
for the development of serious, life-threatening illnesses. These costs 
include lost work time, the expense of training replacement employ- 
ees, and, of course, healthcare claims. In the case of inherited condi- 
tions, substantial healthcare costs might also be incurred by dependent 
family members covered by employee group plans. Thus, employers 
have significant motivations to deny employment to persons with in- 
herited cancer susceptibilities, restrict their opportunities for advance- 
ment, or not retain them. 

The determination of the appropriate criteria for fair treatment of 
persons seems more straightforward with regard to employment op- 
portunities. The opportunity to seek and retain gainful employment 
is fundamental to the ability of persons to pursue their life plans. 
Gainful employment is an essential good. As an essential good, jus- 
tice requires that access to gainful employment should be distributed 
in a marmer that persons have equal opportunity vis a vis other in- 
dividuals. In this context, equal opportunity must be understood to 
mean that there should be no restrictions on the ability of persons to 
seek and retain specific positions of employment, except those re- 
strictions related to their ability to actually perform the tasks associ- 
ated with these positions. Because inherited cancer susceptibility does 
not in itself impair the ability of persons to perform specific job- 
related responsibilities, it follows that any restrictions in access to 
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employment based on this consideration represents morally unfair 
discrimination. 

While the general principle that just distribution in access to em- 
ployment should be conditioned only on ability to perform job-relafed 
fasks has been broadly recognized in law, fhere are significanf gaps 
and deficiencies fhaf render fhe legal profecfion for persons wifh in- 
herifed cancer suscepfibilifies relafively incomplefe.^^ Only a handful 
of sfafes prohibif employers from conducfing genefic fesfs on job ap- 
plicanfs or employees, or using fhe resulfs of such fesfs in making em- 
ploymenf decisions.®^ On fhe federal level, fhe Americans wifh Dis- 
abilifies Acf (ADA) prohibifs employmenf discrimination againsf 
qualified persons in any aspecf of employmenf based on fheir disabil- 
ifies.^^ To qualify for profecfion under fhe ADA, persons musf be able 
fo perform fhe essenfial funcfions of fhe job, wifh or wifhouf some rea- 
sonable accommodafion made by fhe employer, and musf satisfy fhe 
definition of a person wifh a disabilify. The laffer definifion involves 
fhree disjunctive parfs. The firsf two focus on persons who are eifher 
impaired in one or more major life acfivifies or have a record of such 
impairmenf. Neifher condifion would apply fo persons wifh an inher- 
ifed cancer risk because fhey do nof suffer from any impairmenf in ma- 
jor life acfivifies, such as seeing, hearing, walking or speaking. The 
fhird condifion specifies fhaf persons qualify for ADA profecfion if fhey 
are regarded as impaired by fhe employer. Persons who are denied 
employmenf opporfunifies because fhey are considered a poor healfh 
risk, based on fhe deferminafion fhaf fhey have an inherifed cancer sus- 
cepfibilify, mighf reasonably qualify as being regarded as impaired by 
an employer. However, fhe ADA does nof specifically address fhe sfa- 
fus of having an inherifed suscepfibilify fo disease. In 1995, fhe Equal 
Employmenf Opporfunify Commission, fhe govemmenf agency fhaf 
enforces fhe employmenf secfions of fhe ADA, issued a written opin- 
ion fhaf persons who are denied employmenf opporfunifies because of 
genefic predisposifions are being regarded as disabled by employers 
and fherefore qualify for profecfion under fhe ADA.^^ The merifs of 
fhis opinion have nof been fesfed in any courf case, so fhe exfension of 
fhe profecfions of fhe ADA fo persons wifh genefic predisposifions like 
inherifed cancer suscepfibilify remains unsettled. Thus, implemenfa- 
fion of fhe moral principle of jusfice as equalify of opporfunify in ac- 
cess fo basic goods remains an unfinished projecf wifh regard fo per- 
sons wifh inherifed cancer suscepfibilifies. 



Conclusions 

The developmenf and implemenfafion of fhe capabilify fo fesf persons 
for inherifed cancer suscepfibilify will broadly fransform fhe practice of 
clinical medicine in fhe coming years. This excifing new capabilify raises 
significanf moral issues regarding fhe risk-benefif assessmenf of fesfing, 
fhe requiremenfs and limifafions of fhe autonomy of individuals in de- 
cision making abouf fesfing, and fhe fair freafmenf of persons wifh in- 
herifed cancer suscepfibilifies in access fo imporfanf goods like healfh in- 
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surance and employment. The resolution of many of fhe moral issues is 
complicafed by fhe currenf limifafions and rapidly changing contours of 
our medical knowledge regarding inherited cancer. As new suscepfibil- 
ify genes are identified, fhese same limifafions will recur and initially 
plague our efforfs to resolve fhe moral issues as fhey perfain to specific 
fypes of inherited cancer suscepfibilify. As a resulf, fhe imdersfanding of 
how fhe perfinenf moral issues should be resolved musf remain a work 
in progress. The preceding analysis is intended to provide a useful con- 
cepfual framework for addressing fhese moral issues as fhey arise wifh 
regard to particular inherifed cancer susceptibilities. 
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Genes and the Law 

Darryl S. Weiman 



With the Human Genome Project (HGP) nearing completion we are 
faced again with a situation where science has gone beyond what 
the legal system is prepared to deal with.”^ "[0]ur genes represent 
the most personal, private, and fundamental aspects of ourselves. 
They are inescapable; fhey carmof be concealed, disguised, or 
avoided. They are fhe ulfimafe idenfificafion and definifion of who 
we are. . . . Research efforfs like fhe Human Genome Projecf are un- 
locking fhe secrefs of our genes on an almosf daily basis. The po- 
fenfial for abuse of genefic informafion is far-reaching, and in facf, 
some sfafe legislafures and U.S. Congress have faken sfeps fo pre- 
venf fhis abuse.'*' Genefic discriminafion in fhe workplace and in ob- 
faining insurance are obvious areas of concern fhaf have yef fo be 
adequafely addressed by legislafures. Also, fhe issues of privacy — 
does an individual have a righf fo profecf his individual genome, or 
should if be made available fo ofher parfies — have yef fo be defined. 
Lasf, fhere will be an impacf of genefic fesfing on fhe family: In- 
frafamilial relafionships and fufure generafions may be profoundly 
affecfed. The following is a brief overview of fhe pofenfial problems 
facing insurers and fhe insured, fhe possibilify of genefic discrimi- 
nafion in fhe workplace, and fhe dilemma facing healfhcare 
providers, who may nof know whaf fo do wifh fhe genefic informa- 
fion as if becomes available. Pasf legislafive efforfs fo deal wifh fhe 
pofenfial problems of genefic fesfing will be reviewed and fufure leg- 
islafive frends discussed. 



*The HGP is an international project that began in October 1990 and is now 
essentially complete. The goal of the project was to discover all of the 60,000 
to 80,000 human genes (which make up the human genome) and map them 
so that further research on the human genome could be readily done. 
tAt least 19 states have enacted laws to restrict how genetic information is 
used in the health insurance industry, and at least 31 states have laws pro- 
hibiting genetic discrimination in insurance.^ 
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Insurers Must Have Access to Genetic 
Information for Fair Underwriting 

The insurance industry is by necessity discriminatory. Individuals who 
have a higher risk of getting diseases and /or a higher risk of dying are 
routinely charged a higher premium or are turned down for insurance 
altogether. Under a principle of equity (which should not be mistaken 
for equality), insureds who have the same or similar actuarial risks are 
charged the same premium. The higher the risks, the higher the pre- 
miums. The goal of the equity system is to have each insured pay a 
premium indicative of the risk facing that individual.”^ 

Currently, insurance companies use data such as age, sex, medical 
history, current health status, risk behavior (such as smoking or sky- 
diving), and occupation along with physical exams and certain blood 
work and other diagnostic tests (electrocardiogram and chest radio- 
graph) to get a risk classification on an individual. With the results of 
the HGP, insurers are going to need the information available from ge- 
netic testing to derive the proper risk stratification for the system to 
work. The danger to the insurer is twofold: If the insurer is too low in 
the risk assessment, it will not have enough funds to pay for the claims 
that it is contractually obligated to pay. In this scenario, the insurer 
will go bankrupt. If the insurer charges too high of a premium, the free 
market should drive the insured to another company that has lower 
premiums, and again, the insurer is in danger of being driven out of 
the business. 

In the current system of insurance, the applicant has an obligation 
to disclose relevant information so that the insurer can make a fair risk 
assessment. If the applicant has access to genetic information that 
would not be available to the insurer, the insurer would be at risk of 
assigning too low of a premium and thus would not be able to cover 
the applicant's future claims. "An applicant's bad faith non-disclosure 
is tantamount to fraud against the insurer and other policy holders. 
The result is that the equity rationale — the principle of fair discrimi- 
nation — underlying risk classification is violated if an insurer raises 
premiums for all policyholders to cover losses, unexpected from the 
insurer's standpoint, but expected by the applicant.'"^ 

Genetic Information Should Not Be 
Available to Insurers 

Those who argue against making genetic information available to in- 
surers point out that the information is not reliable or accurate. Because 
the information is not accurate, it cannot be used in forming a reason- 
able risk assessment for insurance purposes. Many do not want their 



^Premiums based on risk stratification allows most applicants to obtain insur- 
ance. For example, most insurers accept 70% to 80% of applicants for health 
coverage at standard rates. Less than 10% of applicants are turned down for 
insurance.^ 
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genetic information to be shared for fear of sfigmafizafion of fhose wifh 
genefic diseases bofh in fhe workplace or elsewhere.'*' Also, fhere are 
some who will nof wanf fo know whaf fheir genefic profile is for fear 
of whaf if mighf reveal. 

The Fourfh Amendmenf of fhe U.S. Consfifufion forbids unreason- 
able searches and seizures of person, properfy, and effecfs buf will al- 
low searches and seizures based on probable cause spelled ouf wifh 
parficularify in a warranf. The warranf musf be granfed by an unbi- 
ased member of fhe judiciary.”^ The Fourfh Amendmenf is applicable 
fo fhe federal government buf ifs provisions are made applicable fo 
fhe sfafes under fhe Fourfeenfh Amendmenf.'*' Alfhough fhe Consfifu- 
fion has no express provision sfafing fhaf privacy is a righf, fhe U.S. 
Supreme Courf has inferprefed fhis Amendmenf fo imply fhaf righf 
under cerfain circumsfances. In Katz v United States, fhe Courf held fhaf 
if a person expresses an expecfafion of privacy, fhaf expecfafion will 
be honored if fhe public deems fhaf expecfafion fo be reasonable un- 
der fhe circumsfances. "One of fhe mosf cherished, basic, and vifal hu- 
man righfs is fhe righf fo privacy, fhe long-sfanding American 'righf 
fo be lef alone.' Each person's genome can be fhoughf of as fhaf per- 
son's personal properfy, buf sociefy (fhe Courf or Legislafure) has nof 
yef decided if fhe expecfafion of keeping fhaf information privafe is 
"reasonable." 

Even if fhe Courf decides fhaf an individual's genome is privafe in- 
formation, fhere is nofhing under fhe Consfifufion keeping privafe in- 
feresfs from demanding fhaf information. Insurance companies rou- 
finely require confidential medical information prior fo awarding a 
policy. Employers offen inquire info privafe medical informafion prior 
fo offering a job. Disclosure of an individual's genefic profile could 
have far-reaching effecfs. "... [Ujnlike a discrefe fransienf illness or 
disease, a genefic disease, disorder, or condifion is immufable. An in- 
appropriafe disclosure of genefic informafion may sfigmafize an indi- 
vidual for life, causing serious emotional, financial, and perhaps 
physical harm."^'^ 



tEmployers may not want to hire someone who is likely to develop a cancer 
or die of heart disease in the near future. Also, students with genetic diseases 
may be denied student loans for concerns of their ability to pay off these loans 
in the future. The same reasoning can be used for those applying for mort- 
gages when buying a home — mortgagees may require a genetic screen to as- 
sess the risk of dying for those who are applying for the loan. 

*The Fourth Amendment states "[t]he right of the people to be secure in their 
persons, houses, papers, and effects, against unreasonable searches and 
seizures, shall not be violated, and no Warrants shall issue, but upon proba- 
ble cause, supported by Oath or affirmation, and particularly describing the 
place to be searched, and the persons or things to be seized." 
tThe Fourteenth Amendment states "... [n]o State shall make or enforce any 
law which shall abridge the privileges or immunities of citizens of the United 
States; nor shall any State deprive any person of life, liberty, or property, with- 
out due process of law; nor deny to any person within its jurisdiction the equal 
protection of the laws. 
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Genetic Information May Lead to 
Discrimination in the Workplace 

Impact of Genetic Testing on the Family 

Mandated genetic testing has been tried in the past. In the 1970s, laws 
were passed in some states to perform genetic testing on African-Amer- 
icans to look for carriers of sickle cell anemia. If two carriers of the dis- 
order were to get married, the chance of one of their offspring getting 
the disease was one in four — reproductive planning would be based 
on the knowledge. Counseling was not provided, and as a result, cou- 
ples did not know what to do with the information. Insurance carriers 
and employers also did not know what to do with the information, and 
as a result, healthy carriers of the trait were discriminated against.® 
Genetic information given freely to individuals may have harmful 
psychological effects. " . . .[p]sychologic harms resulting from genetic 
information abuses include: anxiety caused by inaccurate testing; a stig- 
matic effect; and harm caused by revealing information about an in- 
dividual's immutable genome, in a sense, their mortality."® 

If people are given disheartening genetic information, they may 
make life-changing decisions regarding marriage, reproduction, edu- 
cation, and employment. These decisions may not be justified, because 
many genetic diseases are multifactorial, and it is uncertain when or if 
the disease will ever become manifest. 

Many diseases are multifactorial. A gene that predisposes a person 
to developing some disease process may not be expressed if the ap- 
propriate environmental stimuli are avoided. If such a gene is discov- 
ered, steps can be taken to minimize the risk of disease development 
if that person is appropriately counseled. If counseling is not available, 
the individual may not know what to make of the information. Stress 
and anxiety and, in some instances, poor decision making may result. 
Health professionals must arm themselves with the information nec- 
essary to counsel their patients so that wise decision making can be 
done with this new information. The mistakes of the sickle cell anemia 
project should not be revisited. 

Legislative Attempts to Regulate Dissemination 
of Genetic Information 

Should genetic information be regulated on the federal level (by an act 
of Congress), the state level, or should it be left alone and let the free 
market forces work it out? Because genetic information can affect every 
citizen, and Congress has the power to regulate business that affects a 
public interest under the Commerce Clause of the Constitution, it 
seems that a national solution would be optimal.”^ However, regulation 



*Under the Commerce Clause, Congress has the power "[t]o regulate Com- 
merce with foreign Nations, and among the several states, and with the Indian 
Tribes." 
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of the insurance industry has been historically left to the states. An at- 
tempt to regulate insurance at the federal level was tried in 1905, but 
this bill in the US Senate was defeated. Louis D. Brandeis, later to be- 
come a Supreme Court justice, was counsel for the Protective Com- 
mittee of policy holders in the Equitable Life Assurance Society. "The 
sole effect of a Federal law would be ... to free the companies from 
the careful scrutiny of the commissioners of some of the States. It seeks 
to rob the State even of the right to protect its own citizens from the 
legalized robbery to which present insurance measures subject the cit- 
izens . . ." (United States v South-Eastern Underwriters Association, 
322 US 533, 594 n.l7 [J. Jackson dissenting in part] [quoting Louis D. 
Brandeis, address before the Commercial Club of Boston, October 
1905], rehearing denied, 323 US 811 1944). The South-Eastern decision 
gave Congress the go-ahead to regulate the insurance industry, but a 
concerted lobbying effort by the states led to the passage of the Mc- 
Carran-Ferguson Insurance Act of 1945. This Act gave the states the 
power to regulate the insurance industry but reserved the power of the 
Congress to enact legislation relating to the business of that industry. 

In 1974, Congress passed the Employee Retirement Security Act 
(ERISA) in an effort to protect employees and their beneficiaries in em- 
ployee benefit plans. Unfortunately, ERISA does not regulate self-in- 
sured plans, which are also free from state regulation. Also, ERISA 
holds that the states are not allowed to deem an employee benefit plan 
to be an insurance company. The effect of ERISA is to allow employ- 
ers who self-insure to be free of regulation by state insurance com- 
missioners. The employer does not have to maintain minimum health 
benefits, and they do not have to pay insurance premium taxes, which 
would be used to maintain high-risk insurance pools. The self-funded 
employer may change health insurance benefits as it sees fit. Of course, 
this affords no protection to the employee, who may be forced to un- 
dergo genetic testing, and who may face loss of coverage for any ge- 
netic condition that may be found. 

"One point is clear. The extent to which self-funded plans will cover 
employees is, with ERISA's blessing, at the absolute discretion of the em- 
ployer. Moreover, an employer's power to limit or exclude employee 
health insurance benefits imder conditions solely determined by the em- 
ployer has been upheld in the context of medical coverage for AIDS im- 
der an employer's self-insured plan. When considering this power to 
self -regulate together with the financial incentives employers have to re- 
duce cost of health care, it is reasonably foreseeable that employers will 
pragmatically use genetic information following completion of the HGP 
to make decisions about health insurance coverages. 

In McGann v H&H Music Co, 946 F2d 401 (5th Cir. 1991), the Fifth 
Circuit held that an employer was legally within its rights when it re- 
duced the maximum benefit level of insurance of one of its employees 
(who had acquired immunodeficiency syndrome) from $1 million to 
$5,000. This does not bode well for employees who may be faced with 
genetic testing. 

In 1990, Congress passed and President Ceorge H. Bush signed into 
law the Americans with Disabilities Act (ADA). This Act was designed 
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to give individuals with disabilities protection from discrimination in 
the workplace. Although there is no explicit mention of genetic dis- 
crimination in the Act, the ADA has broad language that clearly in- 
cludes individuals who have a clinically manifest genetic illness that 
substantially limits their ability in performing a major life activity.”^ The 
ADA requires that employers must make reasonable accommodations 
for qualified individuals with disabilities so long as those accommo- 
dations do not cause an unreasonable hardship on the employer. 

Although the ADA protects those with a manifest genetic disabil- 
ity, the question remains as to whether the ADA applies to a genetic 
predisposition that has not yet occurred. In 1995, the Equal Em- 
ployment Opportunity Commission (EEOC) ruled that the ADA cov- 
ers asymptomatic workers with a genetic disorder that has not yet 
become clinically present. The EEOC reasoned that employers who 
would discriminate based on genetic information relating to illness 
and disease are actually "regarding" the individual as being im- 
paired. Under the "regarded as" prong of the ADA, these individu- 
als would be considered as impaired to a level that would substan- 
tially limit a major life activity — it affects their ability to compete for 
or maintain employment. It is important to realize that even though 
the EEOC guidelines can be used to interpret the law, they do not 
have the force of law as would a federal or state statute. A person 
who has a genetic trait that has not yet become clinically manifest 
must prove that they were "regarded as having such an impairment" 
by the employer and must also prove that the employer discrimi- 
nated against them based on this perception. 

Even though the EEOC states that the ADA protects persons who 
have genetic conditions that have not yet become clinically manifest, 
it is uncertain that the courts will follow this line of reasoning. Would 
it be fair to consider a person as disabled if he is the carrier of a gene 
that may lead to a cancer in the future? What if the gene only predis- 
poses to a disease that may never become manifest so long as envi- 
ronmental factors are controlled? 

The ADA does not prohibit genetic testing. Employers may use genetic 
testing so long as they can show that the testing is job related and con- 
sistent with a business necessity. The testing cannot single out individu- 
als and must be given to all employees; and, the knowledge gained from 
the tests could be used to improve the work environment for the em- 
ployee involved. Of course, there is potential for abuse with this testing, 
and there need to be safeguards in place to prevent this potential abuse. 

Privacy and the Medical Record 

Historically, release of medical information required the consent of the 
patient or his family. The George W. Bush administration has proposed 



*The ADA defines a person with a disability as one who has one or more phys- 
ical or mental impairments that substantially limits him/her in performing a 
major life activity, a person with a record of such impairment, or a person who 
is regarded as having such an impairment. 
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to change the rules by eliminating the patient consent requirement be- 
fore their doctors, hospitals, or pharmacies use or disclose the infor- 
mationd^ These new rules may 

" . . . create a loophole allowing companies that administer their own health 
plans to avoid putting up a firewall between employees health data and their 
employment records, making it easier for employers to snoop into a worker's 
health problems" (Janlori Goldman, director of the Health Privacy Project at 
the Institute for Health Care Research and Policy at Georgetown University). 

There is now the obvious risk that employers may use the informa- 
tion inappropriately, such as in deciding who to hire and who to fire. 



Conclusions 

Wifh fhe completion of fhe HGP, research info human diseases fhaf 
have a genetic componenf may soon lead fo new fherapies for cancer, 
cardiovascular diseases, congenifal defecfs, and ofher medical disor- 
ders. There is, however, a downside fo fhis newfound knowledge as 
fhe possibilities of discriminafion in fhe workplace, discrimination in 
fhe abilify fo obfain insurance, and uncerfainfy wifh whaf fo do wifh 
medical informafion for which medical freafmenf is nof yef effecfive 
or available becomes manifesf. Congress and sfafe legislafures are 
aware of fhe pofenfial problems and efforfs are ongoing fo solve fhese 
problems. 

If will be inferesfing fo see how congressional hearings play ouf as 
our legislafors sfrive fo maximize fhe benefifs fo be derived from new 
genefic informafion while af fhe same fime minimize fhe risk of abuse 
of fhaf informafion. 
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Breast Cancer Genetics 

Samuel W. Beenken and Kirby I. Bland 



The goal of breast cancer research is to reduce the morbidity and mor- 
tality associated with the disease. This can be achieved either by cure 
of existing cancer or prevention of new cases. Cure rates are enhanced 
when breast cancer is diagnosed at an early stage and when therapies 
are applied according to clearly defined indicators. The problem being 
confronted is enormous. In the United States, an estimated 203,500 
women will have been diagnosed with breast cancer in 2002, and 40,000 
will die from the disease (Tables 5.1 and 5.2).^ Breast cancer progres- 
sion is the result of a multistep process in which the cumulative effect 
of successive discrete genetic alterations leads to a gradual transition 
from normal through premalignant to frankly malignant tissue and ul- 
timately to metastasis.^ Our understanding of breast cancer biology 
continues to increase through the characterization of the genes in- 
volved in this progressive transformation.^"^ Much of this knowledge 
is derived from studies of the alterations that occur in breast tumor 
cells and from studies of families with inherited susceptibility to breast 
cancer.3"i2 Our increasing knowledge provides many opportunities for 
intervention, including increased surveillance of populations at risk, 
institution of chemoprevention therapy (tamoxifen) for patients at high 
risk of disease (genetic predisposition, prior breast cancer) as well as 
for patients with preinvasive lesions (carcinoma in situ), and specific 
therapy for early stage invasive cancer based on specific prognostic 
and predictive indicators. Even for advanced breast cancer, knowledge 
of the genetic abnormalities underlying a cancer's progression can im- 
pact patient well being and survival (e.g., HER2/neu overexpression). 

Because breast cancer has been termed a genetic disease, it is easy 
to assume that any woman with a positive family history who devel- 
ops breast cancer has done so because of an inherited predisposition. 
In fact, only 20% to 30% of all women who develop breast cancer re- 
port a positive family history, and not all of these women have hered- 
itary susceptibility to the disease. Several nongenetic factors can 
lead to familial clustering of breast cancer, including: (1) a large fam- 
ily in which many women reach old age, and chance alone causes mul- 
tiple women to develop this common cancer; (2) an extended family 
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Table 5.1 Age-specific breast cancer incidence rates by race per 
100,000 US population. 



Age at 
diagnosis 


Caucasian 


African 

American 


Overall 


20-24 


0.9 


1.7 


1.0 


25-29 


7.4 


11.1 


7.8 


30-34 


25.0 


32.3 


25.6 


35-39 


63.1 


68.6 


63.6 


40-44 


127.1 


134.9 


126.9 


45-49 


203.6 


176.3 


198.3 


50-54 


238.4 


209.0 


228.9 


55-59 


285.6 


235.4 


274.8 


60-64 


364.2 


287.4 


348.3 


65-69 


430.0 


326.0 


412.1 


70-74 


468.5 


335.6 


450.3 


75-89 


502.5 


366.5 


483.9 


80-84 


490.7 


379.0 


477.1 



Source: Adapted with permission from Reis LAG, Miller BA, Hankey BF, et al., eds. SEER 
Cancer Statistics Review, 1973-1991: Tables and Graphs. NH Pub. No. 94-2789. Bethesda, 
MD: National Cancer Institute; 1994. 



living in the same geographic location with exposure to similar envi- 
ronmental carcinogens; (3) culturally motivated behavior that may al- 
ter risk factor profiles such as age at first live birth and breastfeeding 
practices; and (4) socioeconomic influences that might result in differ- 
ing dietary exposures. Finally, the multiple but unclassified genetic 
factors that indirectly influence the development of breast cancer in 
any one individual are likely to be shared among genetically similar 
members of an extended family.^^ 

There is confusion about the difference between "inherited" or 
"hereditary breast cancer" and "familial breast cancer." Inherited or 
hereditary breast cancer refers to breast cancer associated with a known 
or suspected high-penetrance gene mutation. Familial breast cancer, 
on the other hand, refers to clusters of breast cancer in a given family 
that do not appear to result from chance alone but do not fit the stricter 
criteria for inherited breast cancer. Familial breast cancer also tends to 
have a later age at onset and affects fewer persons in the family than 
hereditary breast cancer. 

Only 5% to 10% of breast cancers appear to be caused by inheritance 
of high penetrance mutations in breast cancer susceptibility genes, 
which are inherited in an autosomal dominant fashion (Table 5.3). 
These include mutations in genes such as BRCAl, BRCA2, p53, and 
STKll/LKBl, which account for the majority of all inherited breast can- 



Table 5.2 Age-specific breast cancer incidence rates (%) by age. 



Current 
age (yrs) 


Breast cancer incidence by age (yrs) 


50 


60 


70 


80 


30 


1.99 


4.29 


7.47 


10.57 


40 


1.58 


3.91 


7.13 


10.28 


50 


— 


2.41 


5.74 


9.01 



Source: Adapted with permission from Feuer et al.®® 
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Table 5.3 Percent incidence of breast 
cancer causes. 



Sporadic breast cancer 


65-75% 


Familial breast cancer 


20-30% 


Hereditary breast cancer 


5-10% 


BRCAl* 


-45% 


BRCA2 


-35% 


p53 (Li-Fraumeni syndrome) 


-1% 


STKll/LKBl (Peutz-Jeghers syndrome) 


<1% 


PTEN (Cowden's disease) 


<1% 


MSH2/MLH1 (Muir-Torre syndrome) 


<1% 


ATM (AT) 


<1% 


Unknown 


-20% 



*Affected gene. 



Recent identification of these dominant mutations makes 
it possible to offer predictive DNA testing to those at high risk for 
breast cancer. Much remains to be understood concerning other high- 
penetrance gene mutations, as well as genetic polymorphisms or low- 
penetrance gene mutations that influence individual response to envi- 
ronmental carcinogens.^^”^^ Research into breast cancer genetics is 
providing new insights into the etiology of breast cancer, which are 
being translated into methods for earlier diagnosis and better treat- 
ment strategies for the entire population of women with breast cancer. 

An intensive effort to define prognostic biomarkers for breast can- 
cer is also underway. Candidate biomarkers include indices of prolif- 
eration such as proliferating cell nuclear antigen (PCNA), bromode- 
oxyuridine (BrUdR), and Ki-67; apoptotic indicators such as bcl-2 and 
the bax/bcl-2 ratio; indices of angiogenesis such as vascular endothe- 
lial growth factor (VEGF) and the angiogenesis index; growth factor 
receptors such as EGFr and HER2/neu; and p53. Finally, our manage- 
ment of breast cancer patients is being complimented by translational 
research involving breast cancer angiogenesis and the HER2/neu onco- 
gene. This chapter provides an overview of important developments 
in each of these areas with an emphasis on their clinical significance. 

Risk Assessment 

Breast cancer etiology is multifactorial and demonstrates the strong inter- 
play of genetic and environmental factors. While one of the most im- 
portant risk factors for breast cancer is a family history of the disease, 
many nongenetic risk factors contribute to its etiology. These nongenetic 
factors can be broadly categorized as hormonal and non-hormonal. 

Hormonal and Nonhormonal Risk Factors 

A prolonged or increased exposure to estrogen is associated with an 
increased risk for developing breast cancer, whereas reducing expo- 
sure is thought to be protective.^^"^® Gorrespondingly, factors that in- 
crease the number of menstrual cycles are associated with increased 
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risk such as early age at menarche, nulliparity, and late onset of meno- 
pause.^®“^^ Moderate levels of exercise and a longer lactation period, 
factors that decrease the total number of ovulatory cycles, can be pro- 
tective. There also is evidence suggesting that older maternal age 
at first live birth is associated with an increased risk of breast cancer 
These data suggest a protective effect of the terminal differentiation of 
breast epithelium associated with a full-term pregnancy. This effect ap- 
pears to be most protective at an early age. Finally, there is an associ- 
ation between obesity and increased breast cancer risk.^^'^^ Because the 
major source of estrogen in postmenopausal women is from the con- 
version of androstenedione to estrone by adipose tissue, obesity is as- 
sociated with a long-term increase in estrogen exposure. 

Some nonhormonal risk factors are indirectly associated with estro- 
gen exposure. One risk factor that is modified by the hormonal milieu 
is exposure to ionizing radiation. Young women who received mantle 
radiation for Hodgkin's disease have a markedly increased risk for 
breast cancer with an incidence ratio of 75.3:1 compared with age- 
matched control subjects.^^'^® In addition, survivors of the atomic bomb 
blasts in Japan during World War II have a high incidence of breast 
cancer, likely because of somatic mutations introduced directly by ra- 
diation exposure.^® In both cases, it appears that exposure during ado- 
lescence, a period of active breast development, magnifies the delete- 
rious effect of radiation exposure.^®'^^ A number of studies have 
suggested that the amount and duration of alcohol consumption are 
also associated with an increased breast cancer risk.^^~^^ Alcohol con- 
sumption is known to increase serum levels of estradiol.^^ Finally, ev- 
idence suggests that certain dietary factors, such as high dietary fat and 
"well-done" meat, also contribute to an increased risk of breast can- 
cer Dietary fat intake can increase serum estrogen levels, and well- 
done meat contains specific fenotoxins. 



Risk Assessment Models 

The average lifetime risk of breast cancer in the US female population 
at birth is 12%, or approximately one in eight.®*^ The longer a woman 
lives without cancer, the lower her risk of subsequently developing 
breast cancer. Thus, a 50-year-old woman has an 11% lifetime risk of 
developing breast cancer, while a 70-year-old woman has a 7% lifetime 
risk of developing breast cancer. Many studies have evaluated risk fac- 
tors for breast cancer, but because these factors interact, evaluating the 
risk conferred by combinations of risk factors is challenging.^^"^^ Risk 
factors that are less consistently associated with breast cancer (such as 
diet, use of oral contraceptives, lactation, and abortion) or are rare in 
the general population (such as radiation exposure) have not been in- 
cluded in risk assessment models. 

Two risk assessment models are frequently used to predict the risk 
of breast cancer. From the Breast Cancer Detection Demonstration Proj- 
ect, a large mammography screening program conducted in the 1970s, 
Gail et al. developed the most commonly used model.®® This model in- 
corporates the age at menarche, number of breast biopsies, age at first 
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live birth, and the number of first-degree relatives with breast cancer 
(Table 5.4). It predicts the cumulative risk of breasf cancer according 
fo decade of life up fo age 90. To calculafe breasf cancer risk wifh fhe 
Gail model, a woman's risk factors are franslafed info an overall risk 
score by mulfiplying her relative risks from several categories (Table 
5.4). The risk score is fhen multiplied by an adjusfed population risk 
of breasf cancer fo defermine fhe individual risk of breasf cancer. A 
soffware program incorporating fhe Gail model is available from fhe 
National Cancer Insfifufe af hffp://bcra.nci.nih.gov/brc. 

The ofher commonly used risk assessmenf model was developed by 
Claus ef al. on fhe basis of dafa from fhe Cancer and Sferoid Hormone 
Sfudy, a large, populafion-based, case-confrol sfudy of breasf cancer 
This model is based on assumptions of fhe prevalence of high-pene- 
france genes for suscepfibilify fo breasf cancer. As compared wifh fhe 
Gail model, fhe Claus model incorporafes more exfensive information 
abouf family history, buf if excludes risk factors ofher fhan family his- 
fory. On fhe basis of knowledge of firsf- and second-degree relafives 



Table 5.4 Relative risk estimates for the Gail model. 

Relative 



Variable risk 

Age at menarche (yr.) 

>14 1.00 

12-13 1.10 

<12 1.21 

No. of biopsies/history of benign breast disease, age <50 
0 1.00 

1 1.70 

>2 2.88 

No. of biopsies/history of benign breast disease, age £50 

0 1.02 

1 1.27 

>2 1.62 

Age at first live birth (yrs) 

<20 

No. of first-degree relatives with history of breast cancer 

0 1.00 

1 2.61 

>2 6.80 

20-24 

No. of first-degree relatives with history of breast cancer 

0 1.24 

1 2.68 

>2 5.78 

25-29 

No. of first-degree relatives with history of breast cancer 

0 1.55 

1 2.76 

>2 4.91 

>30 

No. of first-degree relatives with history of breast cancer 

0 1.93 

1 2.83 

>2 4.17 
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with breast cancer and their age at diagnosis, the Claus model pro- 
vides individual estimates of breast cancer risk according to decade 
from ages 29 to 79. 

Risk Management 

Several important medical decisions may be affected by a woman's un- 
derlying risk of breast cancer.®^ These decisions include whether to use 
postmenopausal hormone replacement therapy (HRT), at what age to 
begin mammography screening, whether to use tamoxifen to prevent 
breast cancer, and whether to perform prophylactic mastectomy to pre- 
vent breast cancer (Tables 5.5 and 5.6). 

Postmenopausal HRT reduces the risk of coronary artery disease and 
osteoporosis by 50% but increases the risk of breast cancer by only 30% 
to 40%.®^“®^ Because the average woman's risk of dying from coronary 
artery disease is much greater than her risk of dying from breast can- 
cer, it is argued that the benefits of HRT outweigh the risks. How- 
ever, the balance between the risks and benefits of HRT may shift for 
women who have a substantially increased risk of breast cancer. In one 
study, HRT no longer increased life expectancy for women with a life- 
time breast cancer risk above 30% and an average risk of cardiac events. 
Although the number of postmenopausal women with such a high risk 
of breast cancer is small, assessment of breast cancer risk provides valu- 
able information for use in making decisions about HRT.^^“^^ Further, 
assessment of breast cancer risk may reassure the great majority of 
women with a risk below this threshold that the benefits of HRT out- 
weigh its risks. 

Routine use of screening mammography in women 50 or older re- 
duces mortality from breast cancer by approximately one third. This 



Table 5.5 Screening and risk reduction recommendations 
for BRCA mutation carriers. 





Recommendation 


Frequency 


Breast 


Screening 






Mammography 


Yearly beginning at age 25 




Breast examination 


Every 6 mo beginning at age 25 




Breast self-examination 
Chemoprevention 


Monthly beginning at age 18 




Tamoxifen 

Surgery 


Consider at age 35 and after 
completion of childbearing 




Bilateral mastectomy 


Consider as an option to 
screening ± tamoxifen 


Ovary 


Screening 






Trans vaginal ultrasound 


Every 6 mo beginning at age 25 




Serum CA125 
Chemoprevention 


Every 6 mo beginning at age 25 




Oral contraceptives 
Surgery 


Consider during childbearing 
years 




Bilateral salpingo- 


Consider at age 35 and after 




oopherectomy 


completion of childbearing 
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Table 5.6 Timing of new cancer diagnoses after BRCA 
mutation testing. 





Breast cancer 


Ovarian cancer 


Timing 


DCIS 


TINO 


TlNl 


Stage I 


stage II 


At risk-reduction surgery* 


10%+ 


— 


— 


10% 


— 


At scheduled screening 
clinic visit 


15% 


10% 


5% 


10% 


10% 


Between scheduled 
screening clinic visits 


— 


20% 


10% 


— 


— 



^Bilateral mastectomy and bilateral salpingo-oopherectomy. 
tpercent of cases studied. 

Source: Adapted with permission from Scheuer L, Kauff N. Robson M, et al. Outcome 
of preventive surgery and screening for breast and ovarian cancer in BRCA mutation 
carriers. J Clin Oncol 2002;20:1260. 



reduction comes without substantial risks and at an acceptable eco- 
nomic cost.^^'^^ However, the use of screening mammography is more 
controversial in women under the age of 50, for several reasons. First, 
breast density is in general higher in younger women, and screening 
mammography is less likely to detect early breast cancer. Thus, the re- 
duction in mortality from breast cancer is lower.^^ Second, screening 
mammography in younger women results in more false-positive tests, 
resulting in negative biopsies. Third, women under the age of 50 are 
less likely to have breast cancer, and fewer women in this age group 
will benefit from screening.^^ However, on a population basis the ben- 
efits of screening mammography in women between ages 40 and 49 
still appear to outweigh the risks. Targeting mammography to 
women at higher risk of breast cancer can improve the balance of risks 
and benefits. In one study of women ages 40 to 49, an abnormal 
mammogram was more than three times as likely to be associated with 
cancer in a woman with a family history of cancer as in a woman with- 
out a family history of cancer.^^ 

Tamoxifen, a selective estrogen receptor modulator, is the first drug 
shown to reduce the incidence of breast cancer in healthy women. The 
Breast Cancer Prevention Trial randomly assigned more than 13,000 
women with a 5-year risk of breast cancer of 1.7% or more to tamox- 
ifen or placebo.®^ Tamoxifen, after a mean follow-up period of 4 years, 
had reduced the incidence of breast cancer by 49% as compared to 
placebo. Tamoxifen is currently the only drug approved by the Food 
and Drug Administration (FDA) for reducing the risk of breast cancer. 
Assessment of breast cancer risk is important in making decisions about 
tamoxifen for several reasons. First, the Breast Cancer Prevention Trial 
enrolled only women with a 5-year breast cancer risk of 1.7% or more, 
and it is unclear whether the benefits of tamoxifen apply to women at 
lower risk. It is recommended that only women whose risk of breast 
cancer is at or above this threshold use tamoxifen.®^ Second, the ben- 
efit analysis of tamoxifen that is currently available finds the higher a 
woman's risk of breast cancer, the more likely it is that serious side ef- 
fects, including venous thromboembolism, endometrial cancer, and 
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cataracts, will occur. In women taking tamoxifen, deep venous throm- 
bosis occurs 1.6 times, pulmonary emboli 3 times, and endometrial can- 
cer 2.5 times as often as in control women. The increased risk for en- 
dometrial cancer is restricted to early-stage cancers in postmenopausal 
women. Cataract surgery is required almost twice as often among 
women taking tamoxifen. 

A recent retrospective study of women at high risk for breast cancer 
found that prophylactic mastectomy reduced their risk by more than 
90%.®^ However, prophylactic mastectomy involves extensive and dis- 
figuring surgery and has nonquantified effects on the long-term qual- 
ity of life.®^ Further, the reduction in risk achieved by prophylactic mas- 
tectomy depends on a woman's underlying risk of breast cancer. A 
study involving women who were carriers of BRCAl or BRCA2 muta- 
tions found that the benefit of prophylactic mastectomy differed 
substantially according to the breast cancer risk conferred by the mu- 
tations.®^ For women with an estimated lifetime risk of 40% (approxi- 
mately four times the population risk) prophylactic mastectomy added 
almost 3 years of life, whereas for women with an estimated lifetime 
risk of 85% prophylactic mastectomy added more than 5 years. 

Genetic Risk Factors 

Breast Cancer Susceptibility Genes 
BRCAl 

Five to 10% of breast cancers are caused by inheritance of germline 
mutations in breast cancer susceptibility genes such as BRCAl and 
BRCAl, which are inherited in an autosomal-dominant fashion with 
varying penetrance (Table 5.3). BRCAl is located on chromosome 17q, 
spans a genomic region of about 100 kb of DNA, and contains 22 cod- 
ing exons. The full-length mRNA is 7.8 kb and encodes a protein of 
1,863 amino acids. Both BRCAl and BRCAl function as tumor sup- 
pressor genes, and for each gene, loss of both alleles is required for the 
initiation of cancer. Data accumulated since the isolation of the BRCAl 
gene suggest a role in transcription, cell cycle control, and DNA dam- 
age repair pathways. 

Since the isolation of BRCAl, more than 500 sequence variations have 
been identified. Initially, eight disease-associated mutations were de- 
scribed within the gene,^°^403 followed rapidly by an increasing num- 
ber of novel mutations. Most sequence variations result from 
frameshift mutations, but several missense mutations are also known 
to alter protein function. Splice acceptor and donor sites are also fre- 
quently mutated. Several specific classes of mutations with important 
clinical implications have been described (Table 5.7). It is now known 
that germline mutations in BRCAl represent a predisposing genetic 
factor in as many as 45% of hereditary breast cancers and in at least 
80% of hereditary ovarian cancers. Female mutation carriers have 
a 60% to 90% lifetime risk for developing breast cancer and a 20% to 
40% lifetime risk for developing ovarian cancer (Table 5.8).^^®“^^^ Breast 
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Table 5.7 Characteristics of BRCAl- and BKCA2-associated breast cancers. 
Characteristic BRCAl BRCAl 



Gene locus and product 

Incidence/penetrance of 
germline mutation 



17q21, 1,863 amino acids 

Germline mutations are highly 
penetrant, conferring a risk of 
about 90% for either breast or 
ovarian cancer by age 70 



Tumor spectrum 



Female breast cancer, ovarian 
cancer, possibly colon and 
prostate 



Genotype-phenotype 

correlation 



Somatic mutations 

Clinical and 
morphological 
characteristics of the 
primary breast cancers 



The risks for breast and ovarian 
cancer are related to the position 
of the mutation, with truncating 
mutations in the first two thirds 
of the coding region being 
associated with a higher ovarian 
cancer risk, relative to breast 
cancer risk, than mutations in the 
last third 

Infrequent in primary breast and 
ovarian carcinomas 

Early age onset, high prevalence 
of bilateral cancer, estrogen 
receptor negativity, higher 
proliferative activity, poor 
histological differentiation, less 
frequent HER2/neu activation, 
lower frequency of nodal 
metastases, fewer recurrences, 
more favorable prognosis 



13ql2-13, 3,418 amino acids 

Germline mutations are 
predicted to account for 
nearly 35% of families 
with multiple-case, early- 
onset female breast cancer 

Female breast cancer, ovarian 
cancer, male breast cancer, 
colon cancer, prostate 
cancer, pancreatic cancer, 
gallbladder, bile duct, and 
stomach cancers, malignant 
melanoma 

Truncating mutations 

identified in families with 
the highest risk of ovarian 
cancer relative to breast 
cancer are clustered in a 
region of approximately 
3.3 kb in exon 11 bordered 
by nucleotides 3,035 and 6,629 

Infrequent in primary breast 
and ovarian carcinomas 

Early age onset, high 
prevalence of bilateral 
cancer, lower proliferative 
activity, well-differentiated 
histological characteristics 



Source: Adapted with permission from Ronai Z, Minamoto T. Early detection of gene mutation in cancer diagno- 
sis. PPO Updates 2001;15(1):1. 



cancer in these families appears as a classic mendelian trait of autoso- 
mal dominance with high penetrance. Approximately 50% of children 
of carriers inherit the trait. In general, BRCAl-associated breast cancers 
are invasive ductal carcinomas and are poorly differentiated and hor- 
mone receptor negative (Table 5.7). BRCAl-associated breast cancers 
have a number of distinguishing clinical features, such as an early age 
of onset compared with sporadic cases, a higher prevalence of bilat- 
eral breast cancer, and the presence of associated tumors in some af- 
fected individuals, specifically ovarian cancer and possibly colon and 
prostate cancers. 

Several founder mutations have been identified in BRCAl. The two 
most common mutations are 185delAG and 5382insC, which account 
for approximately 10% of all the mutations seen in BRCAl.^^^ These 
two mutations occur at a 10-fold higher frequency in the Ashkenazi 
Jewish population than in non-Jewish Caucasians. carrier fre- 
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Table 5.8 Cumulative age-specific 
risk for breast cancer. 



Age 

(y) 


General 

population 

(%) 


Women with 
BRCAl 
mutation (%) 


40 


<1 


16 


45 


1 


42 


50 


2 


59 


55 


3 


72 


60 


4 


77 


65 


6 


80 


70 


7 


82 


75 


9 


84 


80 


10 


86 



Source: Adapted with permission from King 
MC. Rowell S, Love SM. Inherited breast and 
ovarian cancer: What are the risks? What are 
the choices? JAMA 1993;269:1975. 



quency of the 185delAG mutation in Ashkenazi Jews is approximately 
1% and, with the 5382insC mutation, accounts for almost all BRCAl 
mutations in this population.^^®'^^° Analysis of germline mutations in 
Jewish and non-Jewish women with early-onset breast cancer indicates 
that approximately 20% of Jewish women who develop breast cancer 
before the age of 40 carry the 185delAG mutation. 

BRCA2 

BRCA2 is located on chromosome 13q and spans a genomic region of 
about 70 kb of DNA. The 11.2-kb coding region contains 26 coding ex- 
ons. It encodes a protein of 3,418 amino acids (Table 5.7). The BRCA2 
gene bears no homology to any previously described gene, and the 
protein contains no previously defined functional domains. The bio- 
logic function of BRCA2 is not well defined, but, like BRCAl, it is pos- 
tulated to play a role in DNA damage response pathways. BRCA2 mes- 
senger RNA is also expressed at high levels in late Gi and S phases of 
the cell cycle. The kinetics of BRCA2 protein regulation in the cell cy- 
cle is similar to that of BRCAl protein, suggesting that these genes are 
coordinately regulated. 

The mutational spectrum of BRCA2 is not as well established as that 
of BRCAl, but it is being defined at a rapid rate. To date, more than 
250 mutations have been found.^^^^^^ Mutations are spread through- 
out the gene with no well-defined hot spots. All disease-associated mu- 
tations in BRCA2 result in a truncated protein. As with BRCAl muta- 
tion carriers, the lifetime breast cancer risk for BRCA2 mutation carriers 
is estimated to be in the range of 60% to 85%, and the lifetime ovarian 
cancer risk, while lower than for BRCAl, is still estimated to be in the 
range of 10% to 20%.^^^'^^® Breast cancer in BRCA2 families appears 
as a classic mendelian trait of autosomal dominance with high pene- 
trance. Approximately 50% of children of carriers inherit the trait. Un- 
like male carriers of BRCAl mutations, men with germline mutations 
in BRCA2 have an estimated 6% lifetime breast cancer risk, represent- 
ing a 100-fold increase over the male population risk (Table 5.7). 
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BRCA2 -associated breast cancers are invasive ductal carcinomas, which 
are more likely to be well differentiated and express hormone recep- 
tors than BRCAl-associated breast cancer. BRCA2-associated breast 
cancer has a number of disfinguishing clinical feafures, such as an early 
age of onsef compared wifh sporadic cases, a higher prevalence of 
bilaferal breasf cancer, and fhe presence of associafed fumors in some 
affecfed individuals, specifically ovarian, colon, prosfafe, pancreatic, 
gallbladder, bile duel, and stomach cancers, as well as malignanf 
melanoma. 

A number of founder mufafions have been also identified in BRCA2. 
The 6174delT mufafion is found in Ashkenazi Jews wifh a prevalence 
of 1.2%.^^® Anofher BRCA2 founder mufafion, 999del5, has been ob- 
served in Icelandic and Firmish populafions.^^®'^^® The Icelandic and 
Finnish mufafion carriers share a common haplof 5 ^e fhaf covers a 
region sparming fhe BRCA2 gene, suggesfing fhaf individuals who 
migrafed from Finland fo Iceland during ancienf times carried fhis 
mufafion. 

Gene Expression Profiles in BRCAl and BRCA2 Breast Cancer 
If has recenfly been shown fhaf differenf groups of genes are expressed 
by breasf cancers wifh BRCAl mufafions when compared fo fhose wifh 
BRCA2 mufafions. RNA from specimens of invasive breasf cancer 
faken from seven carriers of fhe BRCAl mufafion, seven carriers of fhe 
BRCA2 mufafion, and seven pafienfs wifh sporadic disease were com- 
pared using a microarray of 6,512 complemenfary DNA clones of 5,361 
genes. Permufafion analysis of multi variafe classification functions es- 
tablished fhaf fhe gene expression profiles of breasf cancers wifh 
BRCAl mufafions, breasf cancers wifh BRCA2 mufafions, and sporadic 
breasf cancers differed significanfly from each ofher. An analysis of 
variance befween fhe levels of gene expression and fhe genof}^e of 
fhe samples identified 176 genes fhaf were differentially expressed 
in breasf cancers wifh BRCAl mufafions and fhose wifh BRCA2 
mufafions. 

Risk Management for BRCAl and BRCA2 Carriers 
Sfrafegies for prevention of breasf cancer in BRCAl and BRCA2 carri- 
ers include: (1) prophylactic masfeefomy and reconsfruefion, (2) pro- 
phylactic oophoreefomy and HRT, (3) intensive surveillance for breasf 
and ovarian cancer, and (4) chemoprevenfion (Tables 5.5 and 5.6). Al- 
fhough removal of as much breasf tissue as possible will reduce fhe 
likelihood of BRCAl and BRCA2 carriers developing breasf cancer, 
masfeefomy does nof remove all breasf fissue, and pafienfs confinue 
af risk because a germline mufafion is presenf in any remaining breasf 
fissue. The risk of ovarian cancer in BRCAl and BRCA2 carriers is 10% 
fo 40%, which is 10 times higher fhan fhaf for fhe general population. 
Prophylactic oophoreefomy is a reasonable prevention option in carri- 
ers, alfhough if does nof profeef againsf fhe possibilify of epifhelial 
ovarian cancer arising sponfaneously in fhe perifoneum. The Ameri- 
can College of Obsfefrics and Gynecology recommends fhaf women 
wifh a documented BRCAl or BRCA2 mufafion consider prophylacfic 
oophoreefomy af fhe completion of childbearing or af fhe fime of 
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menopause. Hormone replacement therapy should be discussed with 
the patient at the time of oophorectomy. For postmenopausal BRCAl 
and BRCA2 carriers who have not had mastectomy, it may be advis- 
able to avoid HRT as no data exists regarding the effect of HRT on fhe 
penefrance of breasf cancer suscepfibilify genes. 

Dafa regarding young women af high risk for breasf cancer in fhe 
general population suggesfs fhaf early defection and freafmenf are 
likely fo be jusf as effecfive in BRCA mufafion carriers as in noncarri- 
ers. A recenf sfudy indicafed fhaf breasf cancers in BRCA mufafion car- 
riers have fhe same radiographic appearance as breasf cancers in non- 
carriers. Therefore, screening mammogram is likely fo be effecfive in 
BRCA mufafion carriers, provided if is performed and inferprefed wifh 
a high level of suspicion by an experienced mammographer. Presenf 
screening recommendafions for BRCA mufafion carriers who do nof 
undergo prophylacfic masfecfomy include clinical breasf exam every 
6 monfhs and mammography every 12 monfhs beginning af age 25 be- 
cause fhe risk of breasf cancer in BRCA mufafion carriers increases sig- 
nificanfly affer age 30. The Cancer Genetics Sfudies Consorfium rec- 
ommended yearly fransvaginal ulfrasound fimed fo avoid ovulation 
and yearly serum CA125 levels begirming af age 25 as fhe besf screen- 
ing modalities for ovarian carcinoma in BRCA mufafion carriers who 
have opfed fo defer prophylacfic oophorectomy. Despite fhe 49% re- 
ducfion in fhe incidence of breasf cancer in high-risk women faking fa- 
moxifen in fhe NSABP Breasf Cancer Prevention Trial, if is too early 
fo recommend fhe use of famoxifen uniformly for BRCA mufafion car- 
riers. Cancers arising in BRCAl carriers are usually high grade and are 
hormone receptor negafive. A recenf sfudy showed fhaf 66% of BRCAl- 
associafed ducfal carcinoma in sifu is esfrogen recepfor negafive, sug- 
gesting early acquisifion of fhe hormone-independenf genofype. 

Other Susceptibility Alleles (reviewed in Martin and Weber^^®) 
p53 and Li-Fraumeni Syndrome 

The first description of fhe Li-Fraumeni syndrome was in 1969, when 
four families wifh children wifh soff-fissue sarcomas were found fo 
have an excess of sarcomas in ofher relafives. In addition, fhese fami- 
lies exhibifed an excess of early-onsef breasf cancer and ofher cancers, 
such as childhood leukemia, adrenocorfical carcinoma, and brain can- 
cer (Table 5.9).^^^ In 1990, fhe presence of germline p53 mufafions was 
described in approximafely one half of families wifh LiPraumeni S 5 m- 
drome.^^® In women wifh germline p53 mufafions who survive child- 
hood cancers, if is esfimafed fhaf 50% will have developed breasf can- 
cer by age 50. Lifetime penefrance approaches 100%.^°® 

STKll/LKBl and Peutz-Jeghers Syndrome 

Peufz-Jeghers S 5 mdrome is caused by germline mufafions in 
STKll/LKBl, a serine fhreonine kinase located on chromosome 
19ql3.3.^^^'^^^ Hamarfomafous pol 5 q)s in fhe small bowel and pig- 
menfed macules of fhe buccal mucosa, lips, fingers, and foes charac- 
ferize Peufz-Jeghers syndrome. A refrospecfive sfudy looking af can- 
cer risk in Peufz-Jeghers families showed a risk ratio for breasf cancer 
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Table 5.9 Incidence of cancer types in 24 Li-Fraumeni 
syndrome families. 







Age at diagnosis 




Cancer type 


0-14 


15-44 


>44 


All ages 


Component cancers 
Breast carcinoma 


0 


49 


11 


60 


Soft-tissue sarcoma 


13 


12 


4 


29 


Brain tumors 


12 


15 


1 


28 


Osteosarcoma 


6 


6 


2 


14 


Leukemia 


8 


4 


2 


14 


Adrenocortical carcinoma 


5 


0 


0 


5 


Possible component cancers 
Lung carcinoma 


0 


7 


12 


19 


Prostatic carcinoma 


0 


0 


8 


8 


Pancreatic carcinoma 


0 


1 


2 


3 


Melanoma 


0 


1 


2 


3 


Other cancers 


6 


24 


14 


44 


All cancers 


50 


119 


62 


231 



Source: Adapted with permission from Garber JE, Goldstein AM, Kantor AF, et al. 
Follow-up study of twenty-four families with Li-Fraumeni syndrome. Cancer Res 



1991;51:6094. 



of 20.3:1 compared with control subjects. The mean age of patients 
at the time of breast cancer diagnosis in this series was 39. 

PTEN and Cowden's Disease 

Cowden's disease is a rare autosomal dominant predisposition to both 
benign and malignant neoplasms. Breast cancer develops in 20% to 30% 
of carrier women. Other tumors seen among patients with Cowden's dis- 
ease include adenomas and follicular cell carcinomas of the thyroid gland, 
pol 5 ^s and adenocarcinomas of the gastrointestinal tract, and ovarian 
cysts and carcinoma.^^®'^™ Cowden's disease is caused by germline mu- 
tations in the PTEN gene (MMACl/TEPl). PTEN, a tumor suppressor 
gene on 10q23.3, is a dual-specificity phosphatase.i®^"^^^ 

MSH2/MLH1 and Muir-Torre Syndrome 

Muir-Torre s 5 mdrome is defined by the presence of sebaceous gland 
tumors and visceral malignancy. It is inherited in an autosomal dom- 
inant fashion with high penetrance. Mutations in the same genes are 
associated with hereditary nonpol 5 q>osis colorectal cancer (HNPCC). 
The most common malignancy in Muir-Torre syndrome is colorectal 
cancer, seen in 50% of patients, but breast cancer occurs in approxi- 
mately 25% of women carriers. The median age of patients at the time 
of a breast cancer diagnosis is 68. 

ATM and Ataxia Telangiectasia 

Ataxia telangiectasia (AT) is a complex, autosomal-recessive disorder 
characterized by cerebellar ataxia, telangiectasia, immunodeficiencies, 
radiation sensitivity, and cancer predisposition, caused by homozy- 
gous mutations in the ATM gene. Epidemiological studies of AT fam- 
ilies suggest that AT carriers (heterozygotes) may have an increased 
risk for developing breast cancer, although this observation is contro- 
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versial.^®® A number of studies have shown a risk ratio for breast 
cancer between 3.3:1 and 3.9:1 compared to control subjects. 

Low-Penetrance Breast Cancer Susceptibility Genes (reviewed in 
Martin and Weber^*^) 

Low-penetrance susceptibility alleles, sometimes called "modifier 
genes," are defined as polymorphic genes with specific alleles that are 
associated with an altered risk for disease susceptibility. Usually, the 
variants in these genes are common in the general population. Although 
each variant is associated with only a small increase in the risk for breast 
cancer in any individual, the attributable risk in the population as a 
whole is likely to be higher than for rare, high-penetrance susceptibility 
genes. Despite numerous studies published to date, the role of modifier 
genes in breast cancer susceptibility remains to be elucidated. 

P-450 Gene CYPlAl 

CYPlAl encodes aryl hydrocarbon hydroxylase, which is the primary 
catalyst in the conversion of estradiol to hydroxylated (catechol) es- 
trogen. As previously mentioned, a reduced estrogen exposure is 
protective for developing breast cancer, whereas increased estrogen ex- 
posure can increase the risk for developing breast cancer. Alterations 
in the activity of aryl hydrocarbon hydroxylase can lead to a change 
in the serum level of estrogen and thereby can affect breast cancer risk. 

Glutathione S-Transferases 

The glutathione S-transf erases (GSTs) constitute a family of genes that 
encode for enzymes that catalyze the conjunction of reactive chemical 
intermediates to soluble glutathione conjugates to facilitate clearance. 
There are four classes of cytosolic GSTs, of which at least three are ex- 
pressed in normal breast tissue. The GST/r genes have a null poly- 
morphism that results in a total lack of enzyme in 50% of the popula- 
tion. Because the enzymes metabolize environmental carcinogens, 
there has been interest in determining whether homozygotes for the 
null alleles have an increased risk of breast cancer. Recent findings 
suggest that the inability to metabolize carcinogens in this way does 
increase breast cancer risk. 

N-Acetyltransferase 

Polymorphisms in the NAT2 gene are associated with an altered rate 
of metabolism of carcinogens. Wild-type alleles define a rapid acety- 
lator phenot 5 ^e, whereas homozygosity for any combination of three 
variant alleles results in a slow acetylator phenotype. Thus, having a 
slow phenotype could lead to altered metabolism of carcinogenic 
amines. The combination of smoking and slow acetylator status in 
BRCAl mutation carriers has been shown to result in an increased in- 
cidence of breast cancer in those individuals.^^® Altered steroid hor- 
mone metabolism could be the explanation for these findings. 

Identifying Hereditary Risk for Breast Cancer 

Identifying hereditary risk for breast cancer is a four-step process that 
includes: (1) obtaining a complete, multigeneration family history, (2) 
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assessing the appropriateness of genetic testing, (3) counseling the pa- 
tient, and (4) interpreting the results of fesfing (Table 5.10)4^® Genetic 
fesfing should nof be offered in isolafion buf only in conjuncfion wifh 
pafienf education and counseling. In many insfances, referral fo a ge- 
netic counselor is appropriafe. 

Inifial considerafions include defermining whefher fhe individual is 
an appropriafe candidafe for genefic fesfing and whefher genetic fesf- 
ing will be informative for personal and clinical decision making. A 
fho rough and accurafe family history is essential fo fhis process. If is 
essenfial fo assess fhe fafher's side of fhe family as well as fhe mofher's 
because one half of women wifh a BRCA mufafion have inherited if 
from fheir fafhers. To help clinicians advise pafienfs abouf fesfing, sfa- 
fisfically based models fhaf determine fhe probabilify fhaf an individ- 
ual carries a BRCA mufafion have been developed. The two original 
models, fhe Shaffuck-Eidens^^^ and Couch^^^ models, were developed 
fo predicf fhe probabilify of a mufafion in fhe BRCAl gene. In bofh 
models, fhe probabilify of harboring a BRCAl mufafion is esfimafed 
from a woman's personal and family hisfory of breasf cancer, includ- 
ing age af diagnosis, fhe presence of unilaferal or bilaferal breasf can- 



Table 5.10 Breast cancer genetic susceptibility assessment. 

Risk assessment 

Increased risk for BRCA mutation 

T 

Genetic counseling 

Genetic basis of cancer susceptibility testing 
Benefits, risks, and limitations of testing 
Possible outcomes of testing 
Limitations of methods 
Psychological and social impact of testing 
Alternatives to testing 
▼ 



Patient accepts testing Patient declines testing 

Informed consent Plan surveillance 

BRCA mutation analysis 
Explain test results 
Genetic counseling 

T 



Deleterious 

mutation 

detected 

Plan intervention 
Discuss testing 
of relatives 



Indeterminate result 



Does mutation "track" 
with cancer? 

M Yes No ► 



No deleterious 
mutation 
detected 

Plan surveillance 



Source: Adapted with permission from American College of Medical Genetics. Genetic 
Susceptibility to Breast and Ovarian Cancer; Assessment, Counseling and Testing Guide- 
lines. Albany, NY: New York State Department of Health; 1999. 
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cer, and the presence of ovarian cancer. A subsequent model (Table 
5.11) based on complete sequence analysis of both BRCAl and BRCA2 
in 238 high-risk women incorporated the likelihood of a mutation in 
either gene.^^^ 

A hereditary risk of breast cancer should be considered if a family 
includes two or more women with ovarian cancer or breast cancer 
before age Any woman diagnosed with breast cancer before 

age 50 or with ovarian cancer at any age should be asked about any 
first-, second-, and third-degree relatives on either side of the family 
with either of these diagnoses. Breast and ovarian cancer in the same 
individual, and male breast cancer at any age, also suggest the possi- 
bility of hereditary breast and ovarian cancer. The threshold for ge- 
netic testing should be lower in individuals who are members of eth- 
nic groups in whom the mutation prevalence is known to be increased. 
For instance, the possibility of hereditary cancer should be considered 
for any Ashkenazi Jewish woman with early-onset breast cancer.^^^'^^^ 

Cumulative data reflecting observations from testing of thousands of 
women is now available to predict the probability of a BRCA muta- 
tion. Mathematical models, such as the software BRCAPRO (www.jh- 
sph.edu/biostats/brcapro.html), are also available to assess these gene 
mutation probabilities. BRCAPRO is a Bayesian computer program de- 
signed to estimate probabilities based on data entered by the physician. 
This model considers the structure of the family's pedigree, including 
both affected and unaffected family members, in estimating the proba- 
bility of the presence of a mutation in BRCAl or BRCAl. Also included 
in the probability computation is data regarding age at breast and ovar- 
ian cancer diagnosis, presence of bilateral breast cancer, male breast can- 
cer, and Ashkenazi heritage. The model is based on prevalence, pene- 
trance, and mutation frequency data derived from persons who have 
had BRCA mutation analysis. The predictions from this model depend 
on the BRCA mutation penetrance estimates chosen. At present, stud- 
ies to validate these models are underway.^^^ 



Table 5.11 Family history and BRCA mutation status. 



First- or second-degree relative with 


Chance of 
BRCA 

mutation (%) 


Breast 
cancer at 
<50 y 


Ovarian 

cancer 


Bilateral 
breast 
cancer or 
ovarian 
cancer 


Breast 
cancer at 
<40 y 


X 








25 


X 






X 


40 


X 




X 




51 


X 


X 




X 


59 




X 


X 


X 


71 


X 




X 


X 


79 


X 


X 


X 


X 


89 



Results are based on history taken from women diagnosed with cancer at <50 y. 
Source: Adapted with permission from Frank TS, Manley, SA Olopade Ol, et al. Sequence 
analysis of BRCA-1 and BRCA-2: Correlation of mutations with family history and ovar- 
ian cancer risk. J Clin Oncol 1998;16:2417. 
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BRCA Mutation Testing (reviewed in Evans et alT^^) 

Only a healthcare provider can obtain genetic analysis for a BRCA mu- 
tation. Appropriate counseling for fhe individual being fesfed is 
sfrongly recommended, and documenfafion of informed consenf is re- 
quired (Table 5.10). The fesf fhaf is clinically available for analyzing 
BRCA mufafion is gene sequence analysis. In a family wifh a hisfory 
suggestive of heredifary breasf cancer and no previously fesfed mem- 
ber, fhe mosf informafive sfrafegy is fo firsf fesf an affecfed family mem- 
ber. This person undergoes complefe sequence analysis of bofh fhe 
BRCAl and BRCA2 genes. If a mufafion is idenfified, relafives are usu- 
ally only fesfed for fhaf specific mufafion. An individual of Ashkenazi 
Jewish ancesfry is usually fesfed inifially for only fhe fhree specific mu- 
fafions fhaf accounf for mosf heredifary breasf and ovarian cancers in 
fhaf populafion. If fhaf fesf is negafive, if may fhen be appropriafe fo 
fully analyze fhe BRCAl and BRCAl genes. 

Positive Test Result 

A posifive fesf is one fhaf discloses fhe presence of a BRCA mufafion, 
which prevenfs franslafion of fhe full-sized profein or is known fo in- 
ferfere in ofher ways wifh profein function. A woman who carries a 
mufafion wifh such a deleferious effecf has a lifefime breasf cancer risk 
of 56% fo 85%, as well as a greafly increased risk of ovarian cancer.^^^ 

Negative Test Result 

A negafive fesf resulf is inferprefed according fo an individual's per- 
sonal and family hisfory, especially wifh regard fo whefher a mufafion 
has been previously idenfified in fhe family. If a specific mufafion has 
been previously characferized in a pafienf's relative, fhe pafienf is in 
general fesfed only for fhaf specific mufafion. If fhe mufafion is nof 
presenf, fhe pafienf can be reassured fhaf her risk of breasf or ovarian 
cancer is no greafer fhan fhaf of fhe general populafion, regardless of 
family hisfory, and fhe BRCA mufafion cannof be passed on fo fhe pa- 
fienf's children. In fhe absence of a previously idenfified mufafion, a 
negafive fesf resulf in an affecfed individual in general indicafes fhaf 
a BRCA mufafion is nof responsible for fhe familial cancer. However, 
if remains possible fhaf fhere is an unusual abnormalify in one of fhese 
genes fhaf cannof yef be idenfified fhrough clinical fesfing. If is also 
possible fhaf fhe familial cancer is indeed due fo an identifiable BRCA 
mufafion, buf fhaf fhe individual who fesfed had sporadic cancer, a sif- 
uafion known as a "phenocopy." This is especially possible if fhe in- 
dividual fesfed developed breasf cancer close fo fhe age of onsef of fhe 
general populafion (over age 60) rafher fhan before age 50, as is mosf 
characferisfic of BRCA mufafion carriers. Overall, fhe false-negafive 
rafe for BRCA mufafion fesfing is in general held fo be ^5%. 

Indeterminate Test Result 

Some fesf resulfs, especially where a single-base pair change (missense 
mufafion) is idenfified, may be difficulf fo inferpref. This is because 
single-base pair changes do nof always resulf in a nonfunctional gene 
producf. Thus, missense mufafions nof locafed wifhin critical func- 
fional domains, or fhose fhaf make only minimal changes in fhe sur- 
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rounding protein structure, may not be disease associated and are usu- 
ally reported as indeterminate results. In communicating indetermi- 
nate results to patients, care must be taken to relay the uncertain can- 
cer risk associated with this type of result and emphasize that ongoing 
research might clarify fhe meaning of such resulfs. In addifion, fesfing 
ofher family members fo defermine if fhaf genetic varianf "fracks" wifh 
fheir breasf cancer can provide clarification of ifs significance. Af pres- 
enf, indeferminafe genetic variance accounfs for approximafely 12% of 
fesf resulfs. 

Informed Consent 

Genetic testing for breasf and ovarian cancer suscepfibilify is per- 
formed only wifh an individual's fully informed consenf, including 
signing of a documenf fo cerfify fhaf informed consenf was obfained. 
The review and signing of fhe informed consenf form esfablishes fhaf 
appropriafe discussion wifh fhe pafienf has faken place buf is nof a 
subsfifufe for fhe counseling process. 

Patient Counseling 

Unlike other diagnostic tests, the identification of heredifary suscepfi- 
bilify fo breasf cancer has significanf implications nof only for fhe in- 
dividual being fesfed buf also for fhe individual's relatives. A fho rough 
discussion of fhe relevanf issues should fake place bofh before and af- 
fer fesfing. Appropriafe counseling includes discussion of fhe basic 
principles of heredifary cancer suscepfibilify, review of fhe pafienf's 
complefe family cancer history, assessmenf of fhe woman's risk of can- 
cer, and explanafion of bofh how fesfing helps characferize fhe pafienf's 
risks and fhe implications of a positive, negafive, or indeferminafe re- 
sulf. Finally, implications for family members are discussed. Commu- 
nicating genetic risk is challenging. Pafienfs' undersfanding of fheir 
personal risk of cancer is often exaggerafed, especially if fhey had a 
parenf or sibling die of cancer af a young age, as fhey incorrecfly as- 
sume fhaf fhey have a 50% risk of cancer rafher fhan a 50% risk of car- 
rying fhe mufafion. In addifion, many people have difficulfy appreci- 
ating probabilifies. If is often helpful fo describe risk in more fhan one 
way and compare if fo fhe general population risk (e.g., "By age 50 
your risk for breasf cancer based on your family hisfory alone is 7% or 
1 in 14. If you fesf posifive, your risk by age 50 would be befween 33% 
and 50%, or af leasf 1 in 3. This is compared fo a general population 
risk of 2%, or 1 in 50.")^^^ Because genetic counseling can be time con- 
suming and complex, one should consider referring pafienfs fo genefic 
counselors. 

Health Insurance Issues 

Concern has been expressed that the identification of heredifary risk 
for breasf cancer can interfere wifh access fo affordable healfh insur- 
ance. This concern refers fo "discriminafion direcfed againsf an indi- 
vidual or family based solely on an apparenf or perceived genefic vari- 
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ation from 'normal' human genotype. In a survey of approximately 
300 genetic counselors in the United States, 85% stated that they would 
pursue genetic testing if they had a 50% risk of carrying a BRCA mu- 
tation, two thirds indicated they would not bill their insurance com- 
pany for the tests, and some indicated they would use an alias. To 
investigate this issue. Hall and colleagues conducted both in-person 
interviews with insurers and a direct market analysis, concluding that 
a person with a serious genetic condition who is presymptomatic faces 
little or no difficulty in obtaining health insurance. This study found 
that there are few well-documented cases of health insurers inquiring 
about or utilizing presymptomatic genetic testing results in their un- 
derwriting decisions. 

The Health Insurance Portability and Accountability Act of 1996 
(HIPPA) made it illegal in the United States for group health plans to 
consider genetic information a pre-existing condition or use it to deny 
or limit coverage. Most states have also passed laws that prevent ge- 
netic discrimination in the provision of health insurance. In addition, 
individuals applying for health insurance are not required to report 
whether relatives have undergone genetic testing for cancer risk, only 
whether those relatives have actually been diagnosed with cancer. At 
present, it appears that there is little or no documented evidence of 
genetic insurance discrimination resulting from available genetic 
tests. This information should be conveyed to patients as part of 
their genetic counseling. 

Translational Research 

Prognostic and Predictive Biomarkers 

Cancer biomarkers are of several types. Risk factor biomarkers are 
those associated with increased cancer risk. These include familial clus- 
tering and inherited germline abnormalities, proliferative breast dis- 
ease with or without atypia, and mammographic densities. Exposure 
biomarkers are a subset of risk factors that include measurement of 
carcinogen exposure such as DNA adducts. Surrogate endpoint bio- 
markers (SEBs) are biologic alterations in tissue that occur between ini- 
tiation and cancer development. These biomarkers are utilized as end- 
points in short-term chemoprevention trials and include histological 
changes, proliferative markers, and genetic alterations leading to can- 
cer (Table 5.12). Drug effect biomarkers (i.e., serum glutathione re- 
ductase activity, ornithine decarboxylase activity), which may or may 
not be directly related to carcinogenesis, are used to monitor the bio- 
chemical effect of drugs. Prognostic biomarkers provide information 
regarding cancer outcome irrespective of therapy, while predictive bio- 
markers provide information regarding response to therapy. Candi- 
date prognostic and / or predictive biomarkers for breast cancer include 
indices of proliferation such as PCNA, BrUdR and Ki-67, apoptotic in- 
dicators such as bcl-2 and the bax/bcl-2 ratio, indices of angiogenesis 
such as VEGP and the angiogenesis index, growth factor receptors such 
as EGPr and HER2/neu, and p53. 
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Table 5.12 Surrogate endpoint biomarkers for breast cancer prevention. 



Cohort 


Primary endpoint 


Cellular endpoints 


Biochemical and 
molecular endpoints 


Patients with atypical 
hyperplasia, 
lobular carcinoma 


Regression of atypical 
hyperplasia, 

LCIS, or DCIS 


Mammographic 

density 


Proliferation (PCNA, 
Ki-67) 


in situ (LCIS), or 
ductal carcinoma 
in situ (DCIS) 




Histopathology 
Nuclear morphometry 


Apoptosis (bcl-2) 

Differentiation 
(sialyl Tn-antigen) 






DNA ploidy 


Cell-regulatory 
molecules 
(EGFr, HER2/neu) 








Estrogen receptor 

IGF-I 

p53 



Proliferation Indices^^^~^^^ 

Proliferating cell nuclear antigen is a nuclear protein associated with a 
DNA polymerase whose expression increases in Gi, reaches its maxi- 
mum at the Gi/S interface, and then decreases through G 2 . Immuno- 
histochemical staining for PGNA outlines the proliferating compart- 
ments in breast tissue. Good correlation is seen between PGNA and 
flow cytometrically determined cell cycle distributions based on DNA 
content. There is also good correlation between PGNA and BrUdR and 
the proliferation associated Ki-67 antigen. Individual proliferation 
markers are associated with slightly different phases of the cell cycle 
and are not equivalent. Proliferating cell nuclear antigen and Ki-67 ex- 
pression are positively correlated with p53 overexpression and with 
high S-phase, aneuploidy, high mitotic index, and high histological 
grade in human breast cancer specimens. They are negatively corre- 
lated with estrogen receptor content. The National Gomprehensive 
Gancer Network currently recommends that S-phase fraction and Ki- 
67 expression be included in the initial workup of stage I, IIA, and IIB 
breast cancer. Patients with Tla or Tib cancers that overexpress Ki-67 
and / or have a high S-phase fraction should be considered for adjuvant 
chemotherapy. 

Apoptosis^^^^^^ 

Alterations in programmed cell death (apoptosis), which can be trig- 
gered by p53-dependent or -independent factors, may be important 
prognostic and / or predictive biomarkers in breast cancer. bcl2 family 
proteins appear to regulate a step in the evolutionarily conserved path- 
way for apoptosis, with some members functioning as inhibitors of 
apoptosis and others as promoters of apoptosis. bcl2 is the only known 
oncogene that acts by inhibiting apoptosis rather than directly in- 
creasing cellular proliferation. The death signal protein, bax, is induced 
by genotoxic stress and growth factor deprivation in the presence of 
wild-t 5 q)e p53 and/or APOl/fos. The bax/bcl-2 ratio and the resulting 
formation of either bax-bax homodimers, which stimulate apoptosis. 
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or bax-bcl-2 heterodimers, which inhibit apoptosis, represent an intra- 
cellular regulatory mechanism with prognostic/predictive implica- 
tions. In breast cancer, overexpression of bcl-2 and a decrease in the 
bax/bcl-2 ratio correlate with high histological grade, the presence of 
axillary lymph node mefasfases, and reduced disease-free and overall 
survival. Similarly, decreased bax expression correlafes wifh axillary 
lymph node mefasfases, a poor response fo chemofherapy, and de- 
creased overall survival. 

Angiogenesis^^^^^^ 

Angiogenesis is necessary for fhe growfh and invasiveness of breasf 
cancer and promofes cancer progression fhrough several differenf 
mechanisms, including delivery of oxygen and nufrienfs and fhe se- 
crefion of growfh-promofing cytokines by endofhelial cells. Vascular 
endofhelial growfh factor induces ifs effecf by binding fo fransmem- 
brane fyrosine kinase recepfors. Overexpression of VEGF in invasive 
breasf cancer has been correlated wifh increased microvessel densify 
and recurrence in node-negafive breasf cancer. Recenfly an angiogen- 
esis index has been developed in which microvessel densify (CD31 ex- 
pression) is combined wifh fhrombospondin expression (a negafive 
modulafor of angiogenesis) and wifh p53 expression. Bofh VEGF ex- 
pression and fhe angiogenesis index may have prognosfic and / or pre- 
dicfive significance. 

Growth Factors/Receptors^^^^^^ 

Overexpression of fhe epidermal growfh facfor receptor (EGFr) in 
breasf cancer correlafes wifh esfrogen recepfor negafive sfafus and p53 
overexpression. Similarly, using immunohisfochemical fechniques, in- 
creased membrane sfaining for fhe HER2/neu growfh facfor recepfor in 
breasf cancer has been associated wifh p53 and Ki-67 overexpression 
and wifh esfrogen recepfor negafive sfafus. HER2/neu is a member of 
fhe EGFr family of growfh facfor recepfors in which ligand binding re- 
sulfs in recepfor homodimerizafion and fyrosine phosphorylafion by 
fyrosine kinase domains wifhin fhe recepfor. Tyrosine phosphoryla- 
fion is followed by signal fransducfion, resulting in changes in cell be- 
havior. An imporfanf properly of fhis family of recepfors is fhaf ligand 
binding fo one recepfor f 5 q?e can also resulf in heferodimerizafion be- 
fween fwo differenf recepfor fypes fhaf are coexpressed, resulting in 
fransphosphorylafion and fransacfivafion of bofh recepfors in fhe com- 
plex ("fransmodulafion"). In fhis confexf, fhe lack of a specific ligand 
for fhe HERl/neu recepfor suggesfs fhaf HER2/neu may function solely 
as a corecepfor, modulating signaling by ofher EGFr family members. 

p53l93-197 

Wild-f 5 q)e p53 plays a cenfral role in cell cycle arresf, DNA repair, and 
programmed cell deafh. Mufafion of fhe p53 gene causes conforma- 
tional changes in fhe p53 profein and resulfs in an increased profein 
half-life and overexpression in immunohisfochemical assays. In breasf 
cancer, p53 overexpression correlafes wifh high nuclear grade, high 
proliferative fraction, aneuploidy, HERl/neu overexpression, and hor- 
mone recepfor negafive sfafus. Several refrospecfive sfudies of human 
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breast cancer suggest a role for p53 in determining breast cancer prog- 
nosis and response to therapy. 

Selection of fhe optimal mulfimodalify fherapy for breasf cancer re- 
quires bofh an accurafe assessmenf of prognosis and an accurafe pre- 
dicfion of response fo fherapy. Unforfunafely, currenf breasf cancer 
biomarkers do nof permif eifher of fhese. As a resulf, currenf mulfi- 
modalify fherapy for breasf cancer is empirical, based on fhe oufcome 
of randomized clinical frials fhaf examine average effecfs wifhin pop- 
ulafions. Clinicopafhologic factors are used fo separafe breasf cancer 
pafienfs info broad prognostic groups, and freafmenf decisions are 
made on fhis basis (Table 5.13). Wifh fhis approach, up fo 70% of early 
breasf cancer pafienfs receive adjuvanf chemofherapy fhaf is eifher un- 
necessary or ineffecfive. As described above, a wide variefy of bio- 
markers have been shown fo individually predicf prognosis and/or re- 
sponse fo fherapy, buf when applied fogefher wifh clinicopafhologic 
facfors, fhey do nof improve fhe accuracy of eifher our assessmenf of 
prognosis or our predicfion of response fo fherapy. As our knowledge 
regarding biomarkers for breasf cancer increases, prognostic indices 
will be developed fhaf combine fhe predictive power of several indi- 
vidual biomarkers wifh fhe relevanf clinicopafhologic facfors. In labo- 
rafories af Brown Universify, molecular biomarkers (c-fos, c-myc. Ha- 
ras, p53) were sfudied in a series of pafienfs wifh sfage I, IIA, and IIB 
breasf cancer.^®® While single biomarker overexpression did nof pos- 
sess independenf prognosfic significance, fhe overexpression of fhree 
or more biomarkers identified breasf cancers wifh an aggressive phe- 
nof 5 q)e, accurafely predicting adverse disease-free and overall survival 
(Table 5.14). Af fhe Universify of Alabama af Birmingham, we recenfly 
complefed an analysis of molecular biomarkers of breasf cancer prog- 
nosis using breasf tissues from women accrued prospecfively fo fhe 
Alabama Breasf Cancer Projecf (1975 fo 1978).^®^ Criteria for enfrance 
info fhe Alabama Breasf Cancer Projecf were Tl-3 breasf cancer wifh 
MO sfafus. Age, nodal sfafus, and hisfological grade were also docu- 
menfed. Pafienfs were randomized fo radical vs modified radical 
masfecfomy. Node-positive pafienfs were also randomized fo adjuvanf 
cyclophosphamide, mefhofrexafe, and 5-flourouracil (CMP) vs mel- 
phalan. Using immunohisfochemisfry, archival breasf cancer tissues 
were sfudied for HER2/neu, fransforming growfh facfor-a (TCF-n), p53, 
cafhepsin D, bcl-2, and hormone recepfor sfafus. 



Table 5.13 Traditional prognostic and predictive factors for 
breast cancer. 



Tumor factors 


Host factors 


Nodal status 


Age 


Tumor size 


Menopausal status 


Cytological/ nuclear grade 


Family history 


Lymphatical/ vascular invasion 


Previous breast cancer 


Pathologic stage 


Immunosuppression 


Hormone receptor status 


Nutrition 


DNA content (ploidy, S-phase) 


Prior chemotherapy 


Extensive intraductal component 


Prior radiotherapy 
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Table 5.14 Overall survival in breast cancer by prognostic factor. 



Variable 


Univariate 

analysis 


Multivariate 

analysis 


Age 


0.079* 


0.004* 


Altered gene expression^ 


0.035 


0.008 


Lymphadenopathy 


0.244 


0.051 


Tumor size 


0.130 


0.109 



*P value. 

'''c-fos. c-myc, Ha-ras, p53. 



Three hundred and eleven patients were accrued to the Alabama 
Breast Cancer Project. Paraffin-embedded breast cancer tissues for 90 
patients were available for immunohistochemical analysis of molecu- 
lar biomarkers. Univariate analysis showed nodal status, HER2/neu ex- 
pression, and p53 expression to have prognostic significance (Table 
5.15). Coexpression of HER2/neu and p53 was also found to have prog- 
nostic significance by log rank test (Table 5.16). Coexpression of 
HER2/neu and p53 has been reported in several studies, with the fre- 
quency of coexpression being as high as Patients whose 

breast cancer tissues coexpress ElER2/neu and p53 have been found to 
have a poor prognosis in several It has 

been postulated that breast cancers coexpressing HERl/neu and p53 
(both genes map to chromosome 17) have lost a key mechanism for 
control of cell proliferation and gained an activator of malignant cell 
potential, resulting in a highly malignant tumor phenotype.^®^'^^^ How- 
ever, some studies have shown ElER2/neu and p53 coexpression to have 
no impact on prognosis, while some have shown a better prognosis for 
breast cancers coexpressing ElER2/neu and p 53 204,207,209 p];^ese differ- 
ences may reflect the effect of varying therapeutic regimes on the in- 
teraction between ElER2/neu and p53?^^ Breast cancer patients whose 



Table 5.15 Disease-specific survival in breast cancer by prognostic factor. 



Prognostic factor 


No. of 
patients 


Log rank test 
(univariate analysis) 


Rank regression 
procedure 
(multivariate 
analysis) 


Median 

survival 

time 

(y) 


T-stage 










T1-T2 


67 


P = 0.066 (vs T1-T2) 


P = 0.012 (vs. T1-T2) 


>21 


T3 


17 






5 


Nodal status 










Negative 


39 






>21 


1-3 positive 


27 


P = 0.028 (vs negative) 


P < 0.001 


16 


>4 positive 


23 


P < 0.001 (vs negative) 


(negative vs 1-3 vs >4) 


3 


HERl/neu 










Negative (0) 


58 






>21 


Positive (1-3) 


28 


P = 0.003 (vs negative) 


P = 0.012 (vs negative) 


4 


p53 










0-1 


50 






<21 


2-6 


26 






>21 


7-8 


13 


P < 0.001 (vs 0-1, 2-6) 


P = 0.011 (vs 0-6) 


2 
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Table 5.16 Prognostic significance of HERZIneu and 



p53 coexpression 



Coexpression of 
HER-2/neu -1- 


p53 


No. 

of patients 


Log rank test 
(univariate analysis) 


Negative 

(O)-^ 


-1- 


Low 

(0-6) 


51 




Positive 

(1-3) 


-1- 


Low 

(0-6) 


22 


P = 0.011 (vs 1) 


Negative 

(0) 


-1- 


High 

(7-8) 


7 


P = 0.0002 (vs 1) 


Positive 

(1-3) 


-1- 


High 

(7-8) 


6 


P = 0.0001 (vs 1) 
P = 0.0009 (vs 2) 



*Immunostaining score. 



tumors coexpress HER2/neu and p53 have an improved 10-year sur- 
vival rate when treated with high-dose fluorouracil, adriamycin, and 
cyclophosphamide (FAC).^^^ 

The extensive data already accumulated concerning prognostic and 
predictive biomarkers for breast cancer makes exhaustive analysis of all 
relevant molecular abnormalities a daimting task. However, the tech- 
nologies necessary for such a task are being developed and are being 
tested in human cancer tissues. Microdissection techniques combined 
with high-density oligonucleotide arrays and other high-throughput 
analyses of gene expression now enable us to study breast cancer tissues 
for multiple alterations simultaneously. As bioinformatics provides us 
with the tools to categorize and analyze the immense amount of data 
being generated, these technologies will allow us to develop a detailed 
stratification of breast cancer patients for the purpose of accurately as- 
sessing prognosis and predicting response to therapy. 

Biomarkers for Breast Cancer Prevention 

A serious rate-limiting factor in the development of new chemopre- 
ventive agents for breast cancer is the lack of a validated model for 
phase II clinical testing. A satisfactory model should: (1) provide for 
reliable and reproducible sampling of precancerous tissue that contains 
the SEBs of interest, (2) accomplish the sampling with a minimum of 
subject discomfort, (3) require no out-of-pocket expense for the sub- 
ject, and (4) utilize only validated SEBs.^^^ At present, several models 
are being utilized for Phase II testing of agents: (1) a short-term duc- 
tal carcinoma in situ (DCIS) model in which women with incompletely 
resected DCIS are randomized to receive drug or placebo for a 2-week 
interval between core biopsy and the definitive surgical procedure; (2) 
an intermediate or long-term fine-needle aspiration (ENA) model in 
which high risk women without cancer but with cytological evidence 
of hyperplasia with atypia or evidence of abnormal molecular mark- 
ers (EGEr, p53, DNA aneuploidy) are treated with drug or placebo for 
6 months and then are reaspirated; and (3) a core biopsy model in 
which women who undergo core biopsy of a palpable or mammo- 
graphically defined area and are found to have atypia are randomized 
to drug or placebo and then rebiopsied following treatment. An addi- 







S.W. Beenken and K.I. Bland 



115 



tional model being tested is the use of nipple aspirate fluid (NAF) from 
high-risk women in which cyfological characferisfics or a variefy of bio- 
chemical markers can be monifored.^^®'^^^ 

Random periareolar FNA is well folerafed, and FNA cytology in 
combinafion wifh Gail risk assessmenfs has been demonsfrafed in a 
prospecfive sfudy fo idenfify women af very high shorf-ferm risk for 
breasf cancer.^^° In a sfudy of 480 high-risk women, h 5 ^erplasia wifh 
afypia observed in random FNA aspirates was associated wifh an ob- 
served breasf cancer incidence of 3% per year over fhe ensuing 4 years, 
irrespecfive of Gail model risk assessmenf. Women wifh h 5 ^erplasia 
wifhouf atypia, buf a 10-year breasf cancer risk of 4% or higher by Gail 
model risk assessmenf, had an observed breasf cancer incidence of 1% 
per year over fhe subsequenf 4 years of follow-up. In comparison, fhere 
is a little experience wifh ducfal lavage as a mefhod of obfaining se- 
quential tissue biopsy specimens. The reproducibilify of repeafed 
lavages and cyfological characferizafion over a 6-monfh inferval is un- 
known. Ducfal lavage is in general performed on fhose ducfs fhaf yield 
NAF affer manual massage. Resulfs reporfed fo dafe from a consor- 
fium sfudy indicafe fhaf 90% of pre- and perimenopausal high-risk 
women will yield NAF and fhaf 80% of women producing NAF will 
successfully undergo a lavage in which 10 or more ducfal cells are ob- 
fained.^^^ The median number of cells from a successful lavage is re- 
porfed fo be 13,000 when 3 ducfs are carmulafed. Young women wifh 
sponfaneous nipple discharge or who have previously breasffed are 
more likely fo have a successful lavage. Gell numbers are in general 
higher in pre- or posfmenopausal women receiving HRT when com- 
pared fo fhe number of cells obfained from posfmenopausal women 
nof on HRT. 

Selecfion of SEBs fo defermine response fo phase II agenfs is con- 
froversial.^^^ Af presenf, fhere are no validated SEBs for breasf chemo- 
prevenfion f rials. Morphology and proliferafion biomarkers are fhe 
mosf frequenfly ufilized. Morphological changes of DGIS, lobular car- 
cinoma in sifu (LGIS), afypical infraducfal h 5 q)erplasia, and h 5 q)erpla- 
sia wifhouf afypia are clearly associated wifh an increased shorf-ferm 
risk of breasf cancer (0.36%/y for h 5 q)erplasia up fo 2.5%/y for DGIS 
in fhe firsf 10 fo 15 years affer diagnosis) Ducfal carcinoma in 

sifu is often focal and requires a freafmenf infervenfion, which limifs 
ifs ufilify as a response biomarker. Eurfher, if is nof clear how reversible 
DGIS is following shorf-ferm freafmenf wifh a minimally toxic chemo- 
prevenfion agenf. On fhe ofher hand, LGIS and h 5 q)erplasia wifh or 
wifhouf afypia do nof require a freafmenf infervenfion and are often 
diffusely disfribufed, which suggesfs fhaf fhey can be ufilized as re- 
sponse biomarkers in intermediate and long-ferm chemoprevenfion 
frials 223,225,226,229-231 

Ofher fissue-based biomarker abnormalifies, which are pofenfially 
reversible and are currenfly being explored in phase II frials, have al- 
ready been presented in fhis chapter and include elevated prolifera- 
fion indices such as Ki-67 and PGNA^®^“^®^; ER overexpression^^^'^^^; 
markers of oncogene overexpression such as Herl/neu and EGEr^®°“^^^; 
alfered levels of insulin-like growfh facfor recepfor (IGER), IGE-1, and 
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IGF binding protein-3 (IGFBP-3)^^^^^^; indicators of apoptotic imbal- 
ance including an increased bcl-2/bax ratio^®^“^®^; markers of disor- 
dered cell signaling such as p53 profein accumulafion or nuclear ex- 
clusion^^^'i®^; alfered levels of pl6, p21, p27, cyclin Di, and cyclin 
£240-248- alteration of differenfiafion signals such as c-myc and relafed 
profeins240-25i- Jogg of differenfiafion markers such as TGF-/8-II recep- 
for and retinoic acid recepfor252-254. adhesion alferafion such as 
GD44 isoform expression and E-cadherin loss2^^'256; alferafion of an- 
giogenesis profeins such as VEGF overexpression4®®'4®0. throm- 
bospondin I 1 oss 2 ^ 2 - 260 . methylation abnormalities.25^'20i None 
of fhese have been validafed as SEBs, alfhough alferafions in all of 
fhese biomarkers have been associafed wifh precancerous le- 
sions. ^^°“^®2-i97,245,256,262-269 Expression of many of fhese markers is 
known fo vary wifh fixation fechnique and wifh fhe anfibody used for 
defecfion, as well as wifh fhe anfigen refrieval mefhods used .220 Eur- 
fher, biomarker expression may vary wifh fhe phases of fhe mensfrual 
cycle, wifh menopause sfafus, and wifh age.22^'22i-276 Sej-um biomark- 
ers have parficular appeal because fhey do nof require repealed breasf 
fissue biopsies. Insulin-like growfh facfor is a pofenf epifhelial mifo- 
gen fhaf can S 5 mergize wifh esfrogen fo sfimulafe growfh of human 
breasf cancer cells and prevenf apopfosis even in fhe presence of che- 
mofherapy agenfs .228 A decrease in IGEBP-3 and increased levels of 
IGF-1 have been nofed during fransformafion of preneoplasfic breasf 
epifhelial cell lines .222 Premenopausal women wifh breasf cancer have 
increased IGF-1 fo IGFBP-3 ratios when compared fo confrols.222 Eur- 
fher, an increase in IGE-1 levels in young women who have af leasf 
one relative wifh breasf cancer has been observed. 22 ® A decrease in IGE- 
1 was nofed in premenopausal women during freafmenf wifh fenre- 
finide (4-HPR) in a phase III frial. There was a concomifanf decrease 
in breasf cancer incidence. 22^-281 



Molecular-Based Therapy 

HER2/neu2S2.2S3 

The firsf evidence of fhe clinical imporfance of HER2/neu overexpres- 
sion in breasf cancer came from a reporf of HER2/neu gene amplifica- 
fion in poor prognosis breasf cancer. Since fhen, repealed sfudies have 
produced conflicting resulfs, buf in node-posifive pafienfs fhe initial 
resulfs have been confirmed. In addition, examinafion of fhe exfenf of 
HER2/neu acfivafion (phosphorylafed vs unphosphorylafed) can sepa- 
rafe pafienfs info fhose wifh a poor vs fhose wifh a better prognosis. 
The National Gomprehensive Gancer Network (NGCN) recommends 
that evaluation of HERl/mu expression be a parf of fhe sfandard 
workup of pafienfs wifh breasf cancer, buf af presenf if is unclear how 
precisely fo utilize fhaf information. In individual pafienfs for whom 
fhe besf choice of adjuvanf fherapy is nof clear, HERl/neu overexpres- 
sion may lead fo a more aggressive option despife fhe absence of 
prospective f rials. In choosing an adjuvanf chemofherapy regimen, ev- 
idence suggesfs fhaf a doxorubicin-confaining regimen is preferred for 
pafienfs wifh HER2/mu overexpressing cancers. The gene for fopoiso- 
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merase Ila, an enzyme believed to be an important intracellular target 
for doxorubicin, lies in the HER2/neu amplicon and may be coampli- 
fied wifh HER2/neu. 

The high level of expression of HER2/mu in some breasf cancers has 
made if a fherapeufic fargef. One of fhe firsf fherapeufic sfrafegies sfud- 
ied was inhibifion of HERl/mu expression by anti-ElER2/neu anfibod- 
ies. The Hercepfin monoclonal anfibody was inifially produced as a 
murine anfibody and fhen was modified for human use. Resulfs from 
a large phase III sfudy of pafienfs wifh mefasfafic breasf cancer, who 
were randomized fo chemofherapy wifh or wifhouf Hercepfin, showed 
a doubling of fhe response rafe and a significanf prolongafion of fhe 
fime fo disease progression for pafienfs receiving Hercepfin. These and 
ofher similar resulfs led fhe FDA fo approve Hercepfin as a fherapy 
for pafienfs wifh HER2/neM-overexpressing mefasfafic breasf cancer, ei- 
fher as firsf-line freafmenf in combinafion wifh paclifaxel or as a sec- 
ond- or fhird-line single fherapy. Anofher sfrafegy advancing fhrough 
clinical developmenf is fhe use of adenoviral ElA delivery fo suppress 
HERl/neu gene franscripfion. Transduction of fhe ElA gene has been 
shown fo inferacf wifh fhe HER2/mu promofer, resulting in franscrip- 
fional downregulafion. This gene fherapy sfrafegy has shown promis- 
ing resulfs in murine breasf cancer models and in human phase I sfud- 
ies. Bofh avAx-HERl/neu anfibodies and adenoviral ElA delivery 
exemplify fhe pofenfial of franslafional research, which involves a pro- 
gression from basic molecular biology fo an undersfanding of cell bi- 
ology, fo discovery of prognostic and predicfive biomarkers in human 
cancer, and finally fo molecularly based, fargefed fherapy. 

Angiogenesis^^* 

Angiogenesis, fhe formation of capillaries from esfablished blood ves- 
sels, is an essenfial requiremenf for cancer growfh. Once cancers gain 
fhe abilify fo induce angiogenesis in surrounding fissues ("angiogen- 
esis swifch"), fhey are able fo proliferafe rapidly and mefasfasize. In- 
creased undersfanding of fhe biology of angiogenesis has led fo fhe de- 
velopmenf of new classes of drugs (Table 5.17) fhaf are now being 
fesfed in human frials. Once fhe angiogenesis swifch is fhrown, cancer 
cells begin fo secrefe high levels of molecules, such as VEGF, fhaf sfim- 
ulafe fhe proliferafion of adjacenf endofhelial cells and are pofenfial 
fargefs for anfiangiogenic drugs. The molecular basis of fhe angiogenic 
swifch appears fo be an accumulation of acfivafed oncogenes fhaf in- 
duce fhe franscripfion of angiogenic growfh facfors. Endofhelial cells 



Table 5.17 Anfiangiogenic drugs in clinical development. 



Class of drug 


Mode of action 


MMP inhibitors 


Inhibit MMP-2 and MMP-9 


VEGF receptor inhibitors 


Inhibit binding of VEGF to receptor 


Anti- VEGF antibody 


Blocks the VEGF receptor 


Anti-integrin antibodies 


Cause endothelial apoptosis 


Vascular targeting agents 


Fixes complement and causes vasculitis 
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respond to angiogenic factors such as VEGF via transmembrane re- 
ceptors (VEGF receptor). Specific inhibifors of fhese recepfors have 
been developed, such as SU5416. Phase I human frials of SU5416 have 
been complefed. Anfi-VEGF anfibodies have also been developed fo 
block fhe VEGF recepfor. Phase 1 human sfudies of anfi-VEGF anti- 
body have also been complefed. 

Affer exposure fo growfh facfors, endofhelial cells express high lev- 
els of fhe exfracellular mafrix profein recepfor avji3 infegrin. In animal 
models, adminisfrafion of anfibodies fo av^3 infegrin causes apopfofic 
cell deafh of endofhelial cells in new blood vessels, making if a pofen- 
fial fherapeufic agenf. Phase I human sfudies of anfi-infegrin anfibod- 
ies have been complefed. For new capillaries fo develop, cancer cells 
also need fo degrade fhe profeins of fhe exfracellular mafrix. This is ac- 
complished by fhe release of a family of enzymes called mafrix mefal- 
loprofeases (MMPs). Two members of fhe MMP family known fo be 
involved in breasf cancer angiogenesis are MMP-2 and MMP-9, which 
degrade collagens presenf in basemenf membranes. Mafrix mefallo- 
profease inhibifors have been developed fo block angiogenesis, fo in- 
hibif cancer growfh, and inhibif fhe abilify of cancer cells fo mefasfa- 
size by invading blood vessels. Randomized phase II human sfudies 
of such inhibifors have been complefed. An alfemafive sfrafegy is fhe 
use of drugs, such as GMlOl, which are selecfively toxic toward en- 
dofhelial cells in new blood vessels fhrough activation of complemenf. 
The resulf is a severe vasculitis in new blood vessels, which leads fo 
fumor necrosis. Phase I human sfudies of CMlOl have been complefed. 
In general, fhe low foxicify of anfi-angiogenic drugs makes fhem af- 
fracfive agenfs fo integrate wifh adjuvanf freafmenf protocols. 
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Polyposis Syndromes 

C. Neal Ellis, Jr 



Genetics 

Polyposis S5mdromes are rare entities identified by the presence of mul- 
fiple pol5^oid lesions of fhe gasfroinfesfinal (GI) fracf. These S5m- 
dromes are usually inherifed in an aufosomal dominanf manner buf 
may resulf from sponfaneous mufafions. The pol5^s may be normeo- 
plasfic such as Peufz-Jehgers syndrome (PJS) and juvenile polyposis, 
or more commonly, fhe pol5^s are neoplasfic and relafed fo abnor- 
malities of fhe adenomafous polyposis coli gene (APC). These mufa- 
fions can resulf in familial adenomafous pol5^osis (PAP), affenuafed 
adenomafous pol5^osis coli (AAPC), or Gardner's or Turcof S5mdrome. 

The APC gene has been localized fo chromosome 5 q 21 ,^'^ and ifs role 
in fhe pafhogenesis of fhe neoplasfic pol5q)osis S5mdromes con- 
firmed.^"® The APC gene is a fumor suppressor gene fhaf is involved 
wifh apopfosis or programmed cell deafh,^'® wifh inacfivafion resulf- 
ing in inifiafion of fumorigenesis fhrough disrupfion of cell number 
homeosfasis.^"^^ Mufafions in fhe APC gene can resulf from subsfifu- 
fion of a single base in fhe DNA sfrand. This subsfifufion can change 
a single amino acid, a missense mufafion, wifh funcfional consequences 
depending on fhe position and fhe new amino acid subsfifufed. More 
commonly, fhe base subsfifufion may signal for fhe ferminafion of 
franslafion, a stop codon. These nonsense mufafions resulf in a frun- 
cafed protein. Segmenfs of fhe APC gene can also be delefed, resulfing 
in an absence of a segmenf of fhe final profein. If fhe number of bases 
delefed is nof a mulfiple of fhree, fhis resulfs in a frame shiff mufafion 
and usually premafure ferminafion of franslafion of fhe DNA and a 
fruncafed profein. 

Two normal APC profein molecules are linked fogefher (home- 
odimers) fo produce a biologically acfive profein. Truncafed APC pro- 
feins can bind fo normal APC profeins fo form an inactive home- 
odimer.^^ This binding is dependenf on fhe lengfh of fhe abnormal 
profein, wifh fhe fruncafed profein resulfing from a proximal mufafion 
unable fo effectively bind wifh a normal molecule resulfing in mild 
manifesfafions (AAPC), while fhe longer lengfh profeins produced from 
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more distal mutations will bind and inactivate a normal APC protein 
and result in aggressive forms of fhe diseased^'^^ 

While affempfs fo ufilize genofypic informafion fo predicf pheno- 
fypic expression of fhe disease have nof been complefely successful, 
cerfain specific paffems as shown in Figure 6.1 can be identified. The 
refinal abnormalify associafed wifh FAP, congenifal h 5 ^erfrophy of fhe 
refinal pigmenfed epifhelium (CHRPE), is correlafed wifh fruncafing 
mufafions locafed between codons 463 and 1,444.^®“^^ The attenuated 
form of fhe disease, AAPC, is characferisfic of fruncafing mufafions be- 
fore codon 157 or affer codon 1,464,^^'^® while an aggressive form of 
fhe disease wifh large numbers of pol 5 ^s is relafed fo mufafions be- 
fween codons 1,250 and 1,464.^^'^^'^° Desmoid fumors and osfeomas 
are associafed wifh abnormalities befween codons 1,403 and 1,578.^^'^^ 

Cerfain abnormalities are associafed wifh specific efhnic groups. An 
example of fhis is fhe I1307K missense mufafion in fhe APC gene, which 
can lead fo familial colorecfal cancer in Ashkenazi Jews. This alferafion 
involves fhe change of a single base from fhymidine fo adenine in 
codon 1,307 and is presenf in abouf 6% of Ashkenazi Jews. If is nof as- 
sociafed wifh pol 5 ^osis, buf does appear fo confer a fwofold increased 
risk of colorecfal cancer.^^"^^ 

Alfhough genofypic characferisfics can be used fo predicf clinical 
manifesfafions wifh some accuracy, fhere are reporfs of idenfical APC 
mufafions resulfing in FAP in one family and Gardner's S 5 mdrome in 
anofher.^^'^^ If has also been reporfed fhaf idenfical APC mufafions 
have resulfed in severe manifesfafions in one family and mild disease 
in anofher.^® These differences may be fhe resulf of modifying genes 
or environmenfal facfors. One possible modifying gene idenfified in 
mice wifh multiple infesfinal neoplasia (MIN mice) is a gene fhaf codes 
for a secrefed phospholipase.^^'™ The finding fhaf nonsferoidal anfiin- 
flammafory drugs (NSAIDs) can lead fo prevenfion and regression of 
pol 5 qDS^^'™ fhrough cyclo-oxygenase inhibition in fhe arachidonic acid 
mefabolic pafhway suggesfs fhaf environmenfal facfors can also alfer 
fhe phenofypic expression. 

The nonneoplasfic pol 5 ^osis syndromes are rare and less exfensively 
sfudied. A defecf of fhe serine fhreonine kinase gene, STKII, locafed on 
chromosome 19pl3.3 is believed fo be fhe efiology of PJS.^^ The etiol- 
ogy of juvenile pol 5 ^osis was fhoughf fo be a defecf in a profein fyro- 
sine phosphafase gene, PTEN, locafed on chromosome lOq 23, buf now 
if appears more likely fhaf a fruncafing mufafion in fhe Smad4 gene 
on chromosome 18q 21.1 is fhe efiology. 
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Figure 6.1 Genotype-phenotype correlations: The usual phenotypic expression of abnormalities in spe- 
cific regions of the APC gene. 
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Familial Adenomatous Polyposis 

Clinicopathologic Features 

A familial syndrome characterized by the presence of colonic pol 5 ^o- 
sis was recognized and reported by Cripps in 1882.^^ The malignant 
potential of these pol 5 ^s was suggested by Handford in 1890^® and 
confirmed in 1925 by Lockhart-Mummery.^® Usually the disease is in- 
herited in an autosomal dominant pattern, but as many as 30% of pa- 
tients appear to develop the disease from a spontaneous mutation of 
the APC gened°'^^ Affected individuals have a near 100% lifetime risk 
of developing colorectal cancerd^'^^ 

The syndrome of TAP is distinguished by the presence of greater 
than 100 colonic adenomatous polyps. The number of polyps pres- 
ent can differ between affected members of the same family. The 
polyps can also vary in size, shape, and distribution, but are usually 
small, with less than 1% exceeding 1 cm, and sessile. Although all 
areas of the colon are involved in the fully developed syndrome, 
there appears to be a predilection for the rectum and left colon with 
a greater number of polyps and an earlier age of onset. Histologi- 
cally tubular adenomas predominate, but tubulovillous and villous 
adenomas become more common with advanced disease. The polyps 
are initially benign but undergo the polyp to carcinoma sequence 
over several years. Polyps will be present in 75% of affected indi- 
viduals before age 20, and colorectal cancer develops at an average 
age of 39. Multiple carcinomas are present in half of these patients. 
The prognosis after development of colorectal cancer is the same as 
that for the nonpolyposis patients with colorectal cancer and is re- 
lated to the stage of the disease at the time of treatment. In addition, 
there are frequently extracolonic manifestations of APC gene abnor- 
malities (Table 6.1). 



Table 6-1 Extracolonic manifestations of FAP. 



Duodenal adenomas 


80-90% 


12% lifetime cancer risk 


Gastric fundic gland 
hamartomas 


50-70% 


Must be distinguished from 
the much less common 
gastric adenoma 


Plepatoblastoma 


1% 


Develops during early 
childhood 


Desmoid tumors 


12-38% 


Surgery for desmoid-related 
complication will be 
required in 27% 


Osteomas 


80% 


Rarely results in cosmetic 
problems 


Congenital hypertrophy 
of the retinal pigment 
epithelium 


80% 


Useful as a marker for 
screening purposes 
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Extracolonic Manifestations 
Gastroduodenal Polyps 

Duodenal adenomatous pol 5 ^s will develop in 80% to 90% of patients 
with FAPd^® There is a serious risk of malignant change in these le- 
sions, with the estimated risk of periampullary cancer in FAP patients 
being increased to 100 times that of the nonpolyposis populationd"^'^^'^® 
The risk of duodenal or periampullary cancer appear to be approxi- 
mately 12%,^^ with an average interval of 16 years between diagnosis 
of FAP and the upper GI malignancy d® Adenomas can also occur in 
the jejunum and ileum. The incidence of these lesions is 40% and 10%, 
respectively.^^ The malignant potential of these lesions is unknown. 

While gastric pol 5 ^oid lesions are a common feature of FAP, there 
appear to be regional differences in the histological types of pol 5 ^s. 
The incidence of gastric adenomas is 36% in a study of Japanese pa- 
tients®® and 9% in two studies of non-Japanese patients. The risk 
of gastric adenocarcinoma in patients with FAP compared to the non- 
pol 5 ^osis population has been variously reported to be increased by 
seven-fold in a study of Korean patients,®^ three-fold increased in 
Japanese patients,®® and not increased in a US study.®^ 

Another t}^e of gastric polyp, the fundic gland polyp, is present in 
the majority of patients with FAP worldwide.®®'®® Pathologically, these 
lesions are multiple sessile lesions located in the gastric fundus. Mi- 
croscopically, they are composed of dilated, cystic fundic glands and 
are considered to be hamartomas with no malignant potential. 

Desmoid Tumors 

Desmoid tumors consist of masses of fibroaponeurotic tissue. While such 
tumors are rare, patients with FAP have a 1,000-fold greater risk of de- 
veloping desmoids compared to the general population.®® The incidence 
in pol 5 qDOsis patients is 12% to 38%®®'®^“®® with a peak age at 28-31. Fa- 
milial clustering of desmoid tumors in FAP patients has been noted.®®'®®'®® 
Although desmoid tumors have been associated with APC abnor- 
malities in many different locations, an increased risk has been asso- 
ciated with mutations located between codons 1,403 and 1,578 in the 
APC gene.®®'®® In one study, 36 of 39 patients with an APC mutation 
in codon 1,444 developed desmoids.®® Trauma and hormones may also 
be involved in the etiology of desmoid tumors. There is evidence to 
suggest a relationship between desmoids and estrogen with an in- 
creased incidence in women of reproductive age and during preg- 
nancy.®®'®® Regression of these tumors has also been reported after 
decreasing estrogen by physiological, pharmacological, or surgical 
means.®®'®® Decreasing the inflammatory response with the NSAID 
sulindac may also help control desmoids.®® 

Desmoid tumors associated with FAP usually present within 2 to 3 
years after an abdominal surgical procedure and are located intra- 
abdominally in 80% of patients, in the abdominal wall in 18%, and ex- 
tra-abdominally in 2%.®®'®® Multiple sites are affected in 5% to 38% of 
patients.®®'®® Histologically, the tumors are composed of benign ap- 
pearing fibroaponeurotic tissue with mature differentiated fibroblasts 




138 Chapter 6 Polyposis Syndromes 



Table 6.2. Natural history of 



desmoid tumors. 

Regress spontaneously 10% 

Cyclical growth/ regression 30% 

Stable or slow growth 50% 

Aggressive growth 10% 



in an abundant collagen matrix. Abdominal wall desmoids tend to be 
encapsulated while intra-abdominal desmoids are more commonly 
dense fibromatosis without distinct margins. Intra-abdominal des- 
moids are usually located in the small bowel mesentery, where they 
are intimately associated with the small bowel vessels.^®-®® In contrast 
to sporadic desmoid tumors, which tend to be slow growing and in- 
dolent, those associated with FAP are much more variable. It has been 
reported that 10% will regress completely, 29% will undergo cycles of 
growth and resolution, 47% will remain stable after diagnosis, and 10% 
will grow rapidly (Table 6.2).^^ 

Desmoids usually grow to a considerable size before causing symp- 
toms. Pain is the predominant symptom in about one half of patients. 
Intra-abdominal desmoids can cause compression and obstruction of 
the small intestine. The mesenteric blood vessels may become occluded 
and result in ischemia with sepsis,^® while retroperitoneal desmoids 
can lead to compression of the ureters with hydronephrosis. Surgery 
for a desmoid-related problem will be required in 27% of patients with 
an intra-abdominal desmoid. 

Congenital Hypertrophy of Retinal Pigmented Epithelium 
Congenital h 5 q)ertrophy of the retinal pigment epithelium is present 
in 87% to 95% of patients with FAP.^^'^® It rarely occurs with APC mu- 
tations before codon 400 or after codon 1,444 but is almost universal 
with abnormalities between codons 468 and 1,387.^®'^^ The ocular find- 
ings are consistent between affected members of the same FAP fam- 
ily.^® While the finding is of no functional significance, it has been used 
as a marker for screening purposes. 

Osteoma 

The classic location of osteomas is the mandible and maxilla although 
localized thickening of the cortex of the long bones is not uncommon. 
These lesions have been reported to be present over 90% of patients 
with FAP when tomography of the maxilla and mandible has been ob- 
tained. Most are 3 to 10 mm and have an increased radiologic den- 
sity.^® These bony tumors may predate the onset of intestinal mani- 
festations of FAP by many years. In the past, radiological examination 
of the mandible and maxilla was suggested as a screening method for 
patients at risk for FAP,^^ but newer methods have made this unnec- 
essary. 

Thyroid Malignancy 

Women with pol 5 q>osis have a reported 1% to 2% incidence of thyroid 
carcinoma, which is a 40- to 50-fold increased risk compared to the 
nonpol 5 q)osis population. The cancers are usually papillary and de- 
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tected before the onset of intestinal manifestations/® There does not 
appear to be an increased risk of thyroid malignancies for males af- 
fected with TAP. 

Hepatobiliary Tumors 

There appears to be a markedly increased incidence of hepatoblastoma 
in patients with PAP. These tumors usually develop during childhood, 
prior to the onset of intestinal pol 5 ^s, and are associated with an ele- 
vated a-fetoprotein/^“®^ There also appears to be an increased risk of 
hepatocellular carcinoma, but this is less common.®^ The risk of bile 
duct carcinomas also seems to be significantly increased, but these tu- 
mors are still rare. 

Dental Findings 

Classic descriptions of the Gardner's S 5 mdrome variant of PAP have 
included an association with dentigerous cysts and supernumerary 
teeth,®® but the incidence of these problems does not seem to be in- 
creased over the non-polyposis population.^® 

Central Nervous System Tumors 

Malignant tumors of the central nervous system (CNS) are a feature of 
the Turcot's variant of PAP and are included in the discussion of that 
S5mdrome. 

Dermatologic Lesions 

Epidermoid inclusion cysts are common in the pol 5 ^osis and non- 
pol 5 ^osis populations. Patients affected with PAP can develop these 
lesions before puberty, which is rare in the unaffected population and 
can alert the clinician to the potential for intestinal pol 5 ^osis. These 
cysts are most commonly located on the head, neck, and arms. 

Clinical Variants 
Attenuated TAP 

Attenuated PAP is characterized by a reduced number of pol 5 ^s and 
a delayed onset of the manifestations of the disease (Table 6.3). While 
patients with PAP have over 100 pol 5 ^s, the average with AAPC is 30. 
The pol 5 ^s are more likely to be right colonic and develop after 25 
years of age,®® in contrast to PAP, where there is a predilection for the 
rectum and left colon, and the pol 5 ^s develop before age 25. Colorec- 
tal cancer occurs at an average age of 39 years in PAP and 51 years in 
AAPC.®°'®® The extracolonic manifestations associated with clinical 
AAPC are the same as those with PAP.®^ Genetically, AAPC is associ- 



Table 6.3 Comparison of AAPC and PAP. 


AAPC 


FAP 


Onset age 20-30 

Right colon polyps most common 
Fewer polyps (30 polyps average) 
Risks of colorectal cancer over 90% 
Average age at cancer: 59 


Onset before age 18 

Predilection for rectum and left colon 

Over 100 polyps 

Risk of colorectal cancer over 90% 
Average age at cancer: 39 
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ated with, but not limited to, truncating mutations of the APC gene be- 
fore codon 157 or affer codon l,464d^'^® 

Gardner's Syndrome 

Originally, Gardner's S 5 mdrome was described as polyposis wifh as- 
sociafed osfeomafa, cufaneous cysfs, and fibromafa.®'^ Lafer, fhe fibro- 
mafa were deemed fo be desmoid fumors. The exfracolonic manifes- 
fafions are fhe prominenf feafure of fhe Gardner's syndrome varianf 
buf can also be seen in TAP. Desmoid fumors and GHRPE in parficu- 
lar may occur in persons fhoughf fo have FAP.^® There is no specific 
APC mufafion fhaf correlafes wifh Gardner's S 5 mdrome; however, 
desmoid fumors are associafed wifh mufafions befween codons 1,403 
and 1,578.21'22 

Turcot Syndrome 

The associafion of malignanf fumors of fhe GNS and pol 5 ^osis was de- 
scribed by Turcof in 1959.®® Mosf families wifh fhe clinical diagnosis 
of Turcof S 5 mdrome have mufafions of fhe APC gene, buf fhere is no 
specific defecf fhaf correlafes wifh fhe s 5 mdrome. Medulloblasfoma- 
fype fumors seem fo predominafe, alfhough fhere are reporfs of 
anaplastic asfrocyfomas and ependynomas. In Turcof S 5 mdrome, fhe 
GNS manifesfafions may precede fhe pol 5 ^osis. 

Diagnosis and Evaluation 

Most patients with pol 5 ^osis are asymptomatic until the development 
of colorecfal carcinoma. The diagnosis is usually made during fhe eval- 
uafion of a pafienf wifh a family medical history suggesfive of an in- 
herited colorecfal cancer S 5 mdrome (Table 6.4). The possibilify of a 
dominanfly inherited colorecfal cancer S 5 mdrome is more likely as fhe 
number of affecfed individuals and generations increases and fhe age 
af diagnosis of fhe affecfed individuals decreases. The family medical 
hisfory can also provide valuable information regarding fhe nafural 
hisfory and manifesfafions of fhe problem in fhe family. While nof per- 
fecf, predictions abouf fhe age of onsef and severify of fhe disease can 
be discerned, as well as fhe risk of exfracolonic manifesfafions. The dis- 
fincf ion befween AAPG, Gardner's, and Turcof 's varianf s is determined 
by fhe family medical hisfory and clinical findings more so fhan by ge- 
netic fesfing. Despite fhe imporfance of fhe family medical hisfory, if 
is offen omiffed®®'®^ or inaccurate.®®'®^ 

The family hisfory will show no evidence fo suggesf a heredifary 
cancer syndrome in 20% fo 30% of pafienfs wifh PAP. Reasons for 
fhis include new mufafions, adopfion, quesfions of pafernify, or de- 
nial. In fhis insfance, fhe diagnosis is usually made affer fhe on- 



Table 6.4 Indications for gene testing. 

100 or more colorectal adenomas 
First-degree relatives of patients with FAP 
20 or more cumulative colorectal adenomas 
First-degree relatives of patients with attenuated FAP 
Presence of extracolonic manifestation 
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set of symptoms related to extracolonic manifestations or colorectal 
cancer. 

Management of FAP 
Genetic Counseling 

The diagnosis of an inherited cancer syndrome, whether made on the 
basis of the family medical history, clinical findings, or genetic testing 
results, is a calamitous event with ramifications for patients and their 
families. Management options include aggressive screening regimes, 
chemopreventive agents, and prophylatic surgery. Regardless of the 
modalities chosen, a lifetime of surveillance is needed. Optimal results 
require patients to comply fully with their treatment plans. This com- 
pliance is enhanced when the patient is fully informed and participates 
in the decision-making process. Through genetic counseling, a patient 
can be educated about the nature of his or her disease, the possible 
psychological impact, and the implications of a hereditary disease for 
his or her family. The effectiveness of the available treatment options 
with their limitations and risks can be discussed. Issues of employment 
and insurance can also be addressed along with any other concerns of 
the patient. Genetic counseling appears to be the best method to deal 
with the potential for denial or noncompliance and prevents the bad 
outcomes that can result from delays in evaluation and treatment. 

Genetic Testing 

APC protein truncation testing takes advantage of the observation that 
most significant APC mutations result in a truncated APC protein. This 
truncated protein can be identified in 80% of FAP families®^ but 
does not identify the actual mutation and should not be used to ex- 
clude FAP if other clinical information supports the diagnosis of 
FAP or its variants. 

Direct evaluation of the APC gene using DNA sequencing technol- 
ogy is now commercially available. This technology allows for the iden- 
tification of the actual mutation in 87% of patients with FAP.^^ While 
genot 5 q)e-phenotype correlation is not perfect, it does have sufficient 
predictive power to be useful in the selection of appropriate screening 
examinations and therapeutic modalities.^^'^^ Again, the absence of a 
detectable abnormality should not be used to exclude FAP if other find- 
ings support the diagnosis of FAP. 

Once an abnormality is identified by either protein truncation test- 
ing or direct mutation analysis of the APC gene in a family, the accu- 
racy of the test for other family members approaches 100% and can be 
used to exclude FAP in at-risk family members. 

Screening 

While observational studies of families with FAP suggest a trend to- 
ward an earlier stage of disease and a probable reduction in colorectal 
cancer mortality with screening,^^'^® there are few published, random- 
ized, controlled trials of screening programs in people with an in- 
creased risk of colorectal cancer due to a genetic cause. Therefore, rec- 
ommendations regarding screening of these patients carmot be based 




142 



Chapter 6 Polyposis Syndromes 



on strong evidence of effectiveness, but instead on clinical judgment, 
taking into account the biologic and clinical behavior of FAP and AAPC 
as well as possible parallels with nonpol 5 ^osis patients for whom 
screening is known to be effective in reducing the risk of dying from 
colorectal cancer. Expert groups with an interest in FAP have used this 
method to develop the guidelines for screening patients at risk for this 
condition (Table 6.5). 

For the nonpolyposis patient, fecal occult blood testing and double- 
contrast barium enema have both been shown to be useful in decreas- 
ing mortality from colorectal cancer. Endoscopy, however, is the 
screening procedure that is uniformly chosen by expert groups for pa- 
tients with FAP. Adenomatous pol 5 ^s will develop in 15% of patients 
with FAP by age 10. This increases to 50% at age 15 and 75% by age 
20. Colorectal cancer will have developed in 7% of patients with FAP 
by age 21 and in 50% by age 39,43'^6-98 Screening endoscopic exami- 
nation should therefore begin at age 12. 

There is an apparent predilection for rectal and left colonic polyps 
in FAP that has led some to recommend flexible sigmoidoscopy as the 
endoscopic procedure of choice for screening.^^ Others have recom- 
mended colonoscopy as the initial examination.®^ Most agree that, af- 
ter the initial examination, armual sigmoidoscopy should be performed 
until pol5q3S develop for those whose family history or genetic test re- 
sults suggest FAP. This should be continued until age 50 to 60 for pa- 
tients at risk for inheriting an APC mutation who decline genetic test- 
ing or have an indeterminant test result. If no pol 5 ^s have developed 
by that age, it is reasonable to conclude that these patients did not in- 
herit the gene defect. Screening should be continued lifelong for pa- 
tients who are found to have an APC mutation by genetic testing. In- 
dividuals at risk for FAP who undergo genetic testing and are found 
to be definitively mutation negative do not need armual screening, 
although most would recommend a baseline endoscopic examination 
at age 18 to 21 to reduce the possibility of a false negative genetic test 
result.®^ 

While attenuated FAP (AAPC), like classic FAP, is associated with 
APC mutations and ultimately results in colorectal cancer, the clinical 



Table 6.5 Screening recommendations for patients at risk for FAP. 

For the patient with suspected FAP 
Flexible sigmoidoscopy or colonoscopy at age 12 
Annual sigmoidoscopy until age 60 

For the patient with suspected AAPC 
Colonoscopy every 1-2 y 
Begin at age 18-21 

For the patient with a risk of desmoid tumors 
Annual computed tomography for 3-5 y following pregnancy, abdominal 
trauma, or surgery 

For the patient at risk for gastroduodenal polyps 
Endoscopy (EGD) 

Begin when colon polyps found 
Every 1-3 y 





C.N. Ellis, Jr 



143 



pattern is different, with the pol 5 ^s more likely to be right colonic and 
develop 10 to 20 years later in life. The developmenf of colorecfal can- 
cer is also delayed 10 fo 20 years. 

For individuals whose family hisfory or APC gene abnormalify sug- 
gesfs A APC, colonoscopy is fhe screening procedure recommended.®^ 
Screening should begin af age 18 fo 20 and continue every 1 fo 2 years. 
There is no consensus on when fo disconfinue screening, buf given fhe 
nafural hisfory of AAPC if would seem fhaf screening of fhe healfhy 
pafienf should continue info fhe eighfh decade of life. 

Once a pafienf is known fo have an APC mufafion, by eifher genefic 
fesfing or clinical manifesfafions of FAP, if can be anficipafed fhaf gas- 
froduodenal neoplasia will develop in 80% fo 90%.^^'®^ While fhis neo- 
plasia can progress fo carcinoma, fhis is uncommon, occurring in 11% 
wifh 7 years follow-up.^^'^® Esophagogasfroduodenoscopy (EGD) is 
used fo screen fhe upper GI fracf . Again, fhere is no consensus on when 
fo begin or how frequenfly screening is needed, buf if seems reason- 
able fo begin screening between age 20 to 25 with an interval of 1 to 5 
years between procedures dependent on the endoscopic findings. 

While fhere are numerous ofher exfracolonic manifesfafions of EAP, 
screening does nof seem warranfed for benign problems such as 
GHRPE and osfeomas. If would appear reasonable, however, given fhe 
pofenfial for aggressive behavior of infraabdominal desmoids, fo 
screen by abdominal compuferized tomography for fhe developmenf 
of fhese lesions in pafienfs whose APC mufafion or family hisfory sug- 
gesf a propensify for fhese fumors, in parficular affer an abdominal 
surgical procedure. Screening for hepatoblastoma or fhe malignanf 
CNS fumors associafed wifh Turcof S 5 mdrome carmof be justified in 
fhe pafienf wifhouf a family hisfory of fhese problems. 



Management of Intestinal Polyps 
Chemoprevention 

Several randomized controlled trials have shown that the NSAIDs 
sulindac, celecoxib, and aspirin reduce the number and size of col- 
orecfal adenomas in pafienfs wifh These drugs may pos- 

sibly acf fhrough cyclo-oxygenase II inhibition or by friggering pro- 
grammed cell deafh.^®^ Whaf is unclear is if suppression of fhe polyps 
will prevenf fhe progression fo colorecfal cancer. In nonpolyposis pa- 
fienfs, aspirin does nof appear fo decrease fhe incidence of colorecfal 
cancer,^®^ and fhere have been case reporfs of cancer occurring in pa- 
fienfs wifh EAP whose pol 5 q)s were suppressed wifh sulindac. 
Nonsferoidal anfi-inflammafory drugs, wifh fhe possible exception of 
celecoxib,^*^^ are ineffecfive for fhe suppression of duodenal adeno- 
mas.i°®'^°® Ofher agenfs fhaf have been reporfed fo decrease fhe inci- 
dence of colorecfal adenomas or carcinomas in observational sfudies 
include folic acid supplemenfs,^^° calcium supplemenfafion,^^^ and es- 
frogen.^^^"^^^ These sfudies, however, do nof specifically include dafa 
abouf individuals wifh an inherifed propensify for colorecfal cancer. 

Wifh fhe dafa and medications currenfly available, chemoprevention 
cannof be recommended as primary fherapy for infesfinal pol 5 q>osis 
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but instead should be reserved for the special circumstance where sur- 
gical therapy is declined or has an excessive risk of complicafions. If 
may, however, have a role in fhe freafmenf of adenomas fhaf develop 
in fhe ileal pouch affer proctocolectomy wifh eifher ileal pouch-anal 
anastomosis or confinenf ileosfomy consfrucfion. 

Surgical Therapy 

While surgical infervenfion is fhe primary fherapeufic modalify for fhe 
infesfinal manifesfafions of FAP, fhere are sfill many decisions, such 
as fhe fiming of surgery and fhe surgical procedure to be performed 
(Table 6.6). These decisions frequenfly involve adolescenfs and fheir 
parenfs and can only be made affer careful consideration of fhe emo- 
fional mafurify of fhe pafienf and all fhe dafa obfained from examina- 
fion of fhe phenofype, genofype, and family medical hisfory. Alfhough 
colorecfal cancer is unusual before age 20,®® fhe risk is doubled for pa- 
fienfs wifh more fhan 1,000 pol 5 q)s when compared fo fhose wifh fewer 
fhan 1,000.^^® The sife of fhe APC mufafion can also be used fo predicf 
fhe severify of fhe disease and risk of colorecfal cancer af a young age. 
Mufafions befween codons 1,250 and 1,464, buf in particular af codon 
1,309, are associated wifh a more aggressive phenofype and a larger 
number of polyps . In confrasf, mufafions before codon 157 
are associated wifh a milder phenof 5 q)e (AAPC) and a low risk of col- 
orecfal cancer before age 21.^®'^® This has led fo fhe recommendafion 
fhaf pafienfs wifh a likelihood of aggressive disease, as indicafed by 
eifher clinical examination or genefic findings, undergo surgery af a 
convenienf time in fheir early fo midfeen years, while fhose wifh less 
severe disease may delay surgery until fheir lafe teens or early 20s. 

Phenof 5 q)ic and genofypic feafures, in addition fo fhe family med- 
ical hisfory, are also imporfanf in fhe selecfion of fhe opfimal surgical 
procedure. The main surgical options include fofal abdominal colec- 
fomy wifh ileorecfal anasfomosis (IRA), procfocolecfomy wifh ileal 
pouch-anal anasfomosis (IPAA), and fofal procfocolecfomy wifh 
ileosfomy (TPC). Each of fhese procedures has advanfages, disadvan- 
fages, and risks. Also, fhere are opfions in fhe fechnical performance 
of each procedure fhaf musf be considered. The number of opfions 
available is fesfimony fo fhe facf fhaf no one procedure is ideal for all 



Table 6-6. Surgical management of FAP and AAPC. 

Abdominal colectomy with ileorectostomy 

Attenuated FAP by family history or genetic testing 
Mild FAP as manifested by fewer than 20 polyps in the rectum and less 
than 1,000 overall 

Proctocolectomy with ileal pouch-anal anastomosis 
Severe disease by family history, clinical findings, or genetic test results 
Cancer in the colon or mid- to upper rectum 
Risk of desmoid tumor 

Proctocolectomy with end or continent ileostomy 

When ileal pouch-anal anastomosis is contraindicated because of anal 
sphincter dysfunction or technical problems 
Low rectal cancer that precludes sphincter preservation 
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patients, and the surgical procedure chosen should be individualized 
for each patient. 

Minimally Invasive Surgery: Minimally invasive surgical techniques 
have been reported to result in decreased pain and hospital stay, sooner 
return of bowel funcfion and refum fo preoperafive acfivify, and im- 
proved cosmefic resulfs. Recenf randomized conf rolled f rials have sug- 
gesfed fhaf fhe benefifs of minimally invasive surgery may be less fhan 
previously reporfed. This confroversy is oufside fhe scope of fhis chap- 
fer, buf suffice if fo say fhaf laparoscopic-assisfed surgery may be more 
accepfable fo fhe young asympfomafic pafienfs wifh TAP. 

Total Abdominal Colectomy with Ileorectal Anastomosis: The advanfages 
of IRA include a low surgical complication risk, resfored GI confinu- 
ify, and superior resulfs in ferms of bowel funcfion.^^®Ti9 Significanf 
surgical complications will occur in 11% of pafienfs affer IRA, wifh a 
morfalify rafe of 1.6%.^^°'^^^ Preservafion of fhe recfum avoids fhe po- 
fenfial of damage fo fhe pelvic nerves, which can occur during removal 
of fhe recfum and resulf in severe urinary and sexual dysfuncfion.^^^'^^^ 
While fhis complicafion is rare, if can be cafasfrophic in fhe young, ac- 
five asympfomafic pafienf. 

While nof all agree, fhere seems fo be better bowel funcfion affer IRA 
when compared fo IPAA. The number of bowel movemenfs in 24 hours 
and af nighf is less for IRA fhan for IPAA, wifh greafer abilify fo de- 
fer bowel movemenfs and beffer continence. These conclusions 
are influenced by fhe lengfh of fhe remaining recfum. Beffer bowel 
funcfion is achieved wifh a longer recfal remnanf buf has an associafed 
increased risk of subsequenf recfal neoplasia. If appears fhaf 10 fo 12 
cm of remaining recfum provides an adequafe fecal reservoir for ac- 
cepfable bowel funcfion wifhouf an undue risk of subsequenf procfec- 
fomy for neoplasia.^^'^^^ 

The pofenfial for polyps and cancer fo develop in fhe remaining 
recfum is fhe major disadvanfage of IRA. There is considerable con- 
froversy regarding fhe frequency of carcinoma arising in fhe recfal 
remnanf, buf if is probably 25% fo 37% over 20 years. ^^ 124,125 pj-jg 
clinical manifesfafions of fhe disease can provide prognostic infor- 
mafion regarding fhe pofenfial for subsequenf developmenf of car- 
cinoma in fhe remaining recfum. The presence of more fhan 20 
polyps in fhe recfum or a recfal pol 5 p> larger fhan 3 cm are associ- 
afed wifh an increased risk of cancer in fhe recfal remnanf. The pres- 
ence of a cancer or greafer fhan 1,000 polyps in fhe colon is also pre- 
dictive of an increased risk.^^^ 

Genetic factors may also be used fo predicf fhe likelihood of a 
cancer developing in fhe remaining recfum. A mufafion locafed be- 
fween codons 1,250 and 1,464 is associafed wifh a larger number of 
pol 5 p>s,^^'^^'^^^'^^^ which would suggesf an increased risk of subsequenf 
recfal cancer, while a mufafion before codon 157 is associafed wifh 
fewer recfal and colonic pol 5 p>s^^'^® and a low cancer risk in fhe re- 
maining recfum. 

Anofher disadvanfage is fhe pofenfial need for furfher abdominal 
surgery. In addition fo fhe 25% fo 37% risk of developing a recfal neo- 
plasm over a 20-year period following IRA,®^'^^^ 11% of pafienfs will 
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have a proctectomy for benign reasons such as multiple large adeno- 
mas or incontinenced^^ 

The potential also exists for an infra-abdominal desmoid fumor fo 
develop following fhe inifial operative procedure and limif fhe surgi- 
cal options availabled^^'^^® If would seem prudenf fo avoid IRA in pa- 
fienfs whose family medical history suggesfs a propensify for desmoid 
fumors or whose APC abnormalify is locafed between codons 1,403 
and 1,578. 

Proctocolectomy with Ileal Pouch Anal Anastomosis: Proponents of 
IPAA as fhe procedure of choice for mosf pafienfs wifh PAP base fheir 
recommendation on fhe risk of cancer in fhe remaining recfum affer 
IRA and comparable bowel function and qualify of life for IPAA and 
The defails of fhese issues are included in fhe discussion 
of IRA. Differences in fhe fechnique of IPAA make if difficulf fo con- 
clusively resolve fhese concerns. While adenomas in fhe recfal remnanf 
are fhe major disadvanfage of IRA, preservation of fhe anal fransifional 
zone in IPAA is associated wifh a 30% risk of neoplasia in fhe area.^^^'^^^ 
Removal of fhis area by recfal mucosecfomy will decrease fhis risk sig- 
nificanfly^^^'^^^ buf nof remove if enfirely, and fhis procedure is asso- 
ciafed wifh diminished bowel function and an increased incidence of 

surgical complications. 

The higher surgical complication risk is fhe major disadvanfage of 
IPAA. The overall resulfs of IPAA have been reporfed from mosf large 
Norfh American and European cenfers. In general, fhe operafive mor- 
falify affer IPAA is similar fo fhaf of IRA, being 1% fo wifh 

major posfoperafive complicafions occurring in 21% fo 4Q%}36,i39,i40 
Reoperafion is required in 16% fo 30% of pafienfs, wifh excision of fhe 
ileal pouch being required in 3% fo 12 %. 136438,139 Qj-jg possible com- 
plication fhaf needs special mention is pelvic sepsis. Despite roufine 
use of a diverting ileosfomy, if has a reporfed incidence of 7% and is 
predictive of a poor funcfional oufcome. 

Anofher pofenfial problem is pouchitis, which is common in pafienfs 
wifh inflammafory bowel disease buf unusual in fhose wifh IPAA 
for PAP. 1^1 Ofher problems fhaf can lead fo pouch failure include 
ischemia, poor pouch empfying, soiling, or inconfinence, buf fhese are 
uncommon. In fhe absence of surgical complicafions fhaf impair pouch 
function, pafienfs can expecf funcfional resulfs comparable fo IRA for 

many years. 

The need for femporary fecal diversion and a second surgical 
procedure fo close fhe sfoma is anofher perceived disadvanfage of 
IPAA. The lower risk of anasfomofic complicafions associafed wifh 
preservafion of fhe anal fransifion zone may allow omission of fhe 
diverting ileosfomy in selecfed pafienfs and permif a one sfage proce- 
dure 134,135,142 

Anofher pofenfial problem relafed fo proctectomy is damage fo fhe 
pelvic sympafhefic and parasympafhefic nerves, resulfing in urinary 
and sexual dysfunction. For males fhe predominanf problems are im- 
potence and refrograde ejaculafion, wifh a reporfed incidence of 2% 
and 6%, respectively. ^^3 Sexual dysfunction is more common in 
women, occurring in 25% fo 30%. The main problems are vaginal dry- 




C.N. Ellis, Jr 



147 



ness and dyspareuniad^^'^^^ Another recognized problem after pouch 
surgery in women is infertility, with occlusion of fhe fallopian fubes 
occurring in 10% of womend^^'^^® 

Temporary urinary refenfion occurs in 12% of pafienfs^^® following 
IPAA, buf mosf sfudies reporf no long-ferm urinary disfurbance. 

Total Proctocolectomy: Alfhough almosf never performed as fhe ini- 
fial procedure for FAP, TPC has some advanfages fhaf make if affrac- 
five. The risk of neoplasia associafed wifh IRA and IPAA wifh preser- 
vafion of fhe anal fransifion zone is avoided, as is fhe risk of 
anasfomofic leakage. There is, however, fhe pofenfial for damage fo 
fhe pelvic nerves and fhe risk of a persisfenf perineal sinus. The risk 
of damage fo fhe pelvic aufonomic nerves wifh resulfanf sexual and 
urinary problems is relafed fo fhe exfenf of fhe pelvic dissecfion and 
may be as high as 70% wifh radical oncological procedures. If, 
however, a recfal mucosecfomy or infersphincferic dissecfion can be 
ufilized fo remove fhe disfal recfum, incidence of fhese problems is no 
greafer fhan fhaf reporfed for IPAA. 

Anofher problem unique fo TPC is fhe possibilify of a persisfenf per- 
ineal sinus. Again, fhe incidence of fhis problem is relafed fo fhe ex- 
fenf of fhe perineal excision and may be as high as 16% following ab- 
dominal perineal resecfion for cancer.^^®-!^^ The risk of fhis problem 
can also be minimized by use of an infersphincferic dissecfion or rec- 
fal mucosecfomy fo remove fhe disfal recfum. There is, however, 
a small risk of incomplefe removal of fhe recfum wifh recfal mucosec- 
fomy and infersphincferic dissecfion, and fhe possibilify of carcinoma 
developing in fhe refained segmenf. 

The overwhelming disadvanfage of TPC is fhe resulfanf permanenf 
ileosfomy.i®^ Wifh preoperafive counseling, proper selecfion of fhe 
sfoma sife, and posfoperafive feaching, fhe pafienf wifh an ileosfomy 
can lead a full and acfive life. The difficulfy of convincing a young, 
asympfomafic pafienf of undergoing ileosfomy may acfually lead fo 
surgical delay and fhe pofenfial for carcinoma fo develop. One possi- 
ble opfion for fhese pafienfs is fhe consfrucfion of a confinenf 
ileosfomy. This procedure was more common prior fo fhe develop- 
menf of IPAA and now is performed in only a few cenfers. The major 
crificism of fhe confinenf ileosfomy is fhe surgical complication rafe, 
which is reporfed fo be 36% wifh a 1.2% morfalify.^®^ The mosf com- 
mon problems are infesfinal obsfrucfion, pouch perforation wifh eifher 
fisfula formation or sepsis, and nipple valve failure. Revision of fhe 
pouch will be required in 22%. Despife fhese sefbacks, evenfual 
continence will be achieved in over 90% of pafienfs. As wifh 
IPAA, pouchitis is anofher problem associafed wifh fhe confinenf 
ileostomies and is common affer procedures for inflammatory bowel 
disease and unusual in pafienfs whose ileosfomy was consfrucfed fol- 
lowing TPC for Pafienfs wifh a confinenf ileosfomy have 

an improved qualify of life compared fo a convenfional ileosfomy, and 
fhis procedure has been recommended for pafienfs wifh a poor func- 
fional oufcome following IPAA.i^®'^^^ 

Currenfly, TPC is chosen when a procfecfomy is needed, buf fhere 
is a confraindicafion fo sphincfer preservafion such as a low recfal can- 
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cer, poor sphincter function from prior anorecfal condifions or obsfrefic 
frauma, or a fechnical problem fhaf prevenfs fhe ileal pouch from reach- 
ing fhe pelvic floor. 

Postoperative Surveillance: Regardless of fhe surgical procedure cho- 
sen, posfoperafive surveillance of fhe recfum following IRA, fhe ileal 
pouch affer IPAA, fhe ileostomy after TPC, and for fhe exfracolonic 
manifesfafions of PAP is essenfial for fhe remainder of fhe pafienf's 
life. The pofenfial for recfal neoplasia following IRA and IPAA wifh 
preservafion of fhe anal fransifion zone was included in fhe discus- 
sions of fhose procedures. Endoscopy of fhe recfal remnanf should be 
performed armually to evaluafe any pol 5 ^s fhaf remain in fhe recfal 
remnanf and monitor for fhe developmenf of any addifional lesions. 
Sponfaneous regression of recfal polyps has been reporfed affer IRA 
in 67% of pafienfs for a duration of up fo 4 years. 

Mosf aufhors would agree fhaf pol 5 ^s smaller fhan 5 mm should be 
followed while larger adenomas should be removed wifhouf fulgura- 
fion. Recfal scarring from repeafed pol}^ fulgurafion over many years 
can make cancers flaf and difficulf fo idenfify. The accumulated recfal 
scarring can also reduce fhe compliance of fhe recfum wifh an increased 
stool frequency and urgency and decreased confinence. In one sfudy, 
fhe mosf common reason for procfecfomy affer IRA was incontinence 
and recfal sfricfure.^^^ The chronic scarring may also make subsequenf 
procfecfomy, if needed, difficulf and preclude conversion fo an IPAA. 
Procfecfomy should be considered wifh increasing size and numbers 
of pol 5 q)s or wifh fhe developmenf of severe dysplasia. In fhe absence 
of confraindicafion, fechnical problems, or ileal pol 5 q>s, IPAA is an ac- 
cepfable alfemafive wifh functional resulfs almosf as good as IPAA 
performed as fhe initial procedure. 

Adenomas and carcinomas have also been described in fhe ileal 
pouch affer IPAA^^^~^®^ and in fhe convenfional or confinenf ileosfomy 
affer The incidence of pouch polyposis following IPAA has 

been reporfed fo be 42% affer 7 years. Mosf experfs recommend 
fhe NSAIDs sulindac or celecoxib for fhe managemenf of ileal pouch 
adenomas even fhough fhey have limited efficacy in duodenal adeno- 
mas. The significance of pouch pol 5 X>osis is uncerfain and will re- 
main so unfil fhe cohorf of pafienfs wifh PAP freafed wifh IPAA have 
a mean follow-up of af leasf 20 years. 



Duodenal Adenomas 

The incidence of duodenal adenomas in pafienfs wifh PAP approaches 
90%, wifh 11% developing severe dysplasia affer 7 years^^'^^'®^ and can- 
cer arising in 12% an average of 16 years following colecfomy.^^'^® The 
consensus among aufhorifies is fhaf fhe role of endoscopy is fo defecf 
severe dysplasia, nof eradicafe fhe pol 5 X>s. Small adenomas wifh low 
grade dysplasia may be biopsied and followed, while polyps larger 
fhan 1 cm or fhose wifh severe dysplasia should be freafed. Wifh fhe 
possible exception of celecoxib,^®^ NSAIDs are ineffective for fhe 
suppression of duodenal adenomas. Endoscopic or surgical excision is 
fhe preferred choice for managing large or dysplasfic duodenal ade- 
nomas. However, recurrence is likely affer endoscopic removaF^'^^^"^^^ 




C.N. Ellis, Jr 149 



and should be considered only when the risk of more definitive sur- 
gery is unacceptably high. Pancreaticoduodenectomy and pancreas- 
preserving duodenectomy have both been reported to have a low risk 
of surgical complications and a low pol}^ recurrence rate.^^^“^^® The 
surgical results for patients who develop invasive malignancy are poor, 
with recurrence of the cancer and death as the usual outcome.^^ 



Desmoid Tumors 

Desmoid tumors are proliferative, locally invasive, nonmetastasizing 
fibromatous tumors with a reported incidence of 12% to 38% in pa- 
tients with Desmoid tumors associated with PAP are intra- 

abdominal in 80% and in the abdominal wall in 18%.^^'®° They often 
present within 3 years of an abdominal surgical procedure. The nat- 
ural history of intra-abdominal desmoids is variable and can include 
stability periods of rapid growth and resolution or, rarely, sustained 
aggressive growth.^^ 

Many agents have been utilized in patients with desmoid tumors 
with varying success. The objective response rate to NSAIDs is about 
50%, and response may take a long time to achieve.^®® Estrogen re- 
ceptors can be identified in 40% of desmoid tumors. Estrogen block- 
ade using tamoxifen or toremifene will lead to a positive result in 50% 
of patients.®^'®® Other agents reported to be effective include cortico- 
steroids,^®^ warfarin,^®^ interleukin-2,^®® and interleukin alpha. ^®^ 

Various cytotoxic regimens have been utilized for aggressive 
desmoids and show some promise. The combination of vinblastine and 
methotrexate can be effective and has a low toxicity.®®®'^®® The response 
to doxorubicin and dacarbazine is much more dramatic, but the tox- 
icity of this regimen may limit its use.®®^“^^® An algorithm for the man- 
agement of intra-abdominal desmoid tumors is shown in Eigure 6.2. 

Intra-abdominal desmoids are usually at the base of the mesentery, 
intimately involving the blood supply for large segments of the small 
intestine. Attempts to remove these tumors surgically is reported to 
have a perioperative mortality of 10% and higher and a major mor- 
bidity of 20% or more.®^^'^®® Recurrence following surgery is also com- 
mon, occurring in 65% or more of patients. Most authorities 
recommend that surgery be reserved for the 27% of patients who will 
develop complications of intra-abdominal desmoids such as obstruc- 
tion of the intestine or ureters or ischemia of the bowel.^®'®^T92,i94 ^ j.g_ 
cent report of small intestinal transplantation in a patient with an in- 
tra-abdominal desmoid®^® is testimony to the extent of surgery needed 
to remove these tumors and may provide another surgical option in 
the future. 

Abdominal wall desmoids are usually smaller and more circum- 
scribed than intra-abdominal desmoids and without the anatomic con- 
straints to surgical excision. Although not all would agree, most ex- 
perts would excise abdominal wall desmoids with a 1- to 2-cm margin 
of healthy tissue whenever possible.^®'®®® The risk of recurrence after 
excision is less than that for intra-abdominal desmoids, and the oper- 
ative morbidity is less even though the large abdominal wall defects 
that result can be challenging to repair. 
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Figure 6.2 Management of intra-abdominal desmoid tumors. 
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Peutz-Jeghers Syndrome 

Clinicopathologic Features 

The rare syndrome of GI pol 5 ^s with associated pigmentation of the 
oral cavity was first described by Peutz in 1921i^^ with several addi- 
tional patients reported by Jeghers in 1944.^®^ Although PJS is almost 
invariably familial, transmitted in an autosomal-dominant maimer, 
sporadic cases do occur. Abnormalities of the serine threonine ki- 
nase gene, SKTII, located at chromosome 19p 13.3 has been identified 
as the etiology of the PJS.^^ The disease occurs equally in males and 
females, and while it may present in childhood or adolescence, it is 
usually diagnosed in the third decade of life.^®^ 

Gastrointestinal Polyps 

The most frequent location of the polyps in PJS is the proximal small 
intestine, with pol 5 q)s of the stomach or colon much less common. 
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The pol 5 ^s are usually pedunculated with short broad stalks but may 
be sessile. They vary in size from 3 mm to 3 cm and grossly resemble 
adenomas. Microscopically, the pol 5 ^s are covered by histologically 
normal epithelium with no glandular irregularity or nuclear h 5 ^er- 
chromasia. The polyps have a core of muscular fissue derived from fhe 
muscularis mucosa wifhouf fhe excess lamina propria associafed wifh 
juvenile pol 5 ^s. They are considered fo be frue hamartomas produced 
by an overgrowfh of fhe muscularis mucosa.^® The malignanf pofen- 
fial of fhe pol 5 ^s is confroversial. While hamarfomas are nof believed 
fo have malignanf pofenfial, fransformafion of hamarfomas info ade- 
nomas and adenocarcinoma have been demonsfrafed.^°°'^°^ Mulfiple 
sfudies have shown a high relafive risk of bofh intestinal and exfrain- 
fesfinal malignancies in pafienfs wifh fhe 

Cutaneous Manifestations 

The pigmentation associated with PJS consist of 1- fo 2-cm diameter, black 
or dark brown, freckle-like lesions located on fhe lips and buccal mucosa 
mosf commonly, buf also on occasion on fhe hands and feef. The skin 
findings occur during childhood and may resolve after puberfy. 

Other Tumors 

There is an apparent increased risk of ofher malignancies in pafienfs 
wifh PJS. Women have been reported fo be more likely fo develop ovar- 
ian sex cord fumors of fhe armular fubules, adenoma malignum of fhe 
cervix,^°^'^°® and breasf cancer.^°^ Men have a higher incidence of fem- 
inizing Sertoli cell fumors of fhe fesfis,^°® and bofh genders have an in- 
creased risk of pancreatic cancer.^'^^'^^^ 

Diagnosis and Evaluation 

Clinical symptoms associated with PJS include anemia and abdominal 
pain. Anemia is the result of occulf bleeding from fhe polyps while ma- 
jor bleeding episodes may resulf from forsion and aufoampufafion of 
a pol}^. The pol}^ may also predispose fo infussuscepfion of a seg- 
menf of infesfine. This is usually infermiffenf, occurring after meals 
and causing severe colicky abdominal pain. On occasion, fhe infus- 
suscepfion will resulf in infesfinal obsfrucfion requiring surgical inter- 
vention. Once fhe diagnosis is suspected from fhe family medical his- 
fory, clinical symptoms, and physical findings, endoscopy is fhe 
procedure of choice fo confirm fhe diagnosis. On occasion, radiologi- 
cal confrasf sfudies are needed fo evaluafe areas of fhe small bowel 
fhaf carmof be reached by endoscopy. 

Management 
Genetic Counseling 

As with all inherited cancer syndromes, the initial step in management 
is genetic counseling once the diagnosis is suspected or confirmed. Ge- 
nefic counseling has been discussed elsewhere, buf suffice if fo say fhaf 
ifs imporfance carmof be oversfressed. 
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Table 6.7 Surveillance guidelines for PJS. 



Site 


Procedure 


Onset 

(y) 


Interval 

(y) 


GI tract 


Upper and lower endoscopy 


10 


2 




with small bowel follow-through 


10 


2 


Breast 


Breast examination, mammography 


25 


1 






25 


2-3 


Testicle 


Testicular examination 


10 


1 


Ovary, uterus 


Pelvic examination, pelvic 


20 


1 




ultrasound 


20 


1 


Pancreas 


Endoscopic ultrasound (if 








available) or abdominal ultrasound 


30 


1-2 



Intestinal Polyps 

Even more so than for FAP, there are no large studies that demonstrate 
efficacy of any treatment strategy or an advantage of one regimen over 
another. The surveillance recommendations (Table 6.7) are based on 
information about the natural history of PJS and the known risks. Cur- 
rently, upper and lower endoscopy is recommended every 2 years be- 
ginning at age 10, with polyps larger than 5 mm being removed to 
hopefully prevent bleeding complications, intussusception, and ma- 
lignant change.^^®'^^*^ Pol 5 ^s larger than 1.5 cm that carmot be removed 
endoscopically should be removed surgically through an enterostomy. 
If surgical intervention is necessary, a combined endoscopic and sur- 
gical approach should be utilized with the goal of removing all small 
bowel polyps. The removal of segments of small intestine should be 
avoided, if possible, because the majority of the small bowel is usually 
affected, and polyp formation will progressively decline after 30 years 
of On occasion, surgical therapy will be necessary for in- 

testinal hemorrhage or obstruction. In this circumstance, removal of all 
pol 5 ^s and the avoidance of intestinal resection should still be at- 
tempted if the situation allows. A more aggressive surgical approach 
with adherence to oncological principles will be needed for those with 
malignant lesions. 

There is no consensus regarding screening recommendations for the 
other tumors associated with PJS other than to emphasize the impor- 
tance of complying with the usual recommendation for periodic gy- 
necologic and breast examinations and the prompt evaluation of any 
testicular mass. 

Juvenile Polyposis Syndromes 

Clinicopathological Features 

The presence of multiple juvenile pol 5 ^s in the GI tract is now known 
to be a feature of several rare s 5 mdromes. In the past, these syndromes 
were grouped together, and only recently has it been recognized that 
they are distinct entities with different etiologies and natural histories. 
Initially, juvenile pol 5 ^osis was thought to be the result of an abnor- 
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mality of a protein tyrosine phosphatase {PTEN) gene located on 
chromosome 10q23. It is now recognized that this is the etiology of 
Cowden's disease and the Barmayan-Riley-Ruvalcaba 
S 5 mdrome. Currently, an abnormality in the gene for a transforming 
growth factor-B intracellular signaling molecule, Smad4, located on 
chromosome 18q21.1 is thought to be responsible for juvenile polypo- 
sis_35,36 vyj^iie these syndromes may arise de novo in one third of pa- 
tients, they are usually familial with an autosomal dominant pattern 
of inheritance. These syndromes usually present in the first decade of 
life with a peak incidence at age 2 to 5. 

Gastrointestinal Polyps 

In the majority of patients with juvenile pol 5 q)osis, the pol 5 q)S are lim- 
ited to the colon, although they can involve any portion of the GI tract. 
Histologically, the pol 5 q)s are hamartomas with a distinctive cystic ar- 
chitecture, mucus-filled glands, and an expanded lamina propia with 
a dense infiltration of lymphocytes, eosinophils, and neutrophils. 
The pol 5 q)s range in size from 5 to 50 mm. 

Extraintestinal Manifestations 

Extracolonic abnormalities have been reported in patients with juve- 
nile pol 5 q)osis, but these most likely represent misdiagnosed Cowden's 
disease or BRR syndrome. The GI pol 5 q)s are considered minor criteria 
for the diagnosis of Cowden's disease and are present in only 40% of 
patients.^^^ Hamartomas of the skin, breast, thyroid, and brain are 
characteristic features of Cowden's disease. Other common lesions 
include oral papillomas, facial trichilemmomas, fibromas, and heman- 
giomas.^^^ 

Intestinal hamartomas are also found in approximately one half of 
patients with BRR S 5 mdrome. Components of BRR S 5 mdrome also in- 
clude subcutaneous and visceral lipomas and hemangiomas, lipid stor- 
age myopathy, developmental delay, and seizures.^^^ 

Diagnosis and Evaluation 

While the potential for juvenile pol5q30sis is suspected from the fam- 
ily history, most affected individuals are diagnosed after the onset of 
symptoms. Painless rectal bleeding is the most common presenting 
complaint. Abdominal pain and iron deficiency anemia are also com- 
mon clinical findings. On occasion, patients may present with 
colon-colonic intussusception and intestinal obstruction.^^® Endoscopy 
is preferred over contrast radiological evaluation as it is both diag- 
nostic and therapeutic. 

Juvenile pol 5 q>s occur in 1% to 2% of asymptomatic children, with 
50% of these children having more than one and 20% having five or 
more.^^°'^^^ The risk of colorectal cancer in patients with juvenile polyps 
has not been resolved. There is no increased risk in patients with a soli- 
tary lesion, while at the other end of the spectrum is the 50% can- 
cer risk in the patient with juvenile pol 5 q)s and a family history of col- 
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orectal cancer Attempts have been made to distinguish between 
polyps throughout the GI tract, generalized juvenile polyposis; three 
or more pol5^s limited to the colon, juvenile polyposis coli; and juve- 
nile polyps in a patient with a family history of juvenile pol5^s or col- 
orecfal cancer, familial juvenile pol5^osis.^^® Each of fhese has been as- 
sociafed wifh an increased cancer risk.^^^'^^^ 

Children wifh Cowden's disease or BRR syndrome usually presenf 
wifh fhe exfrainfesfinal manifesfafions of fhese diseases. The evaluation 
of fhese conditions is direcfed af fhe idenfificafion of all affecfed sifes. 

Management 
Genetic Counseling 

As with all diseases with a genetic aspect, the initial step in the man- 
agement of pafienfs wifh a juvenile pol5^osis S5mdrome is genefic 
counseling. This crucial componenf has been discussed in defail in 
chapfer 1 and will be nof be addressed here ofher fhan fo reasserf ifs 
imporfance. 

Treatment 

There is no consensus regarding screening or freafmenf recommenda- 
tions for pafienfs wifh juvenile pol5^osis syndromes. If is unknown if 
removal of fhe juvenile pol5^s decreases fhe incidence of colorecfal can- 
cer or if screening will change fhe nafural history of fhe disease. Taking 
info accounf fhe risk of bleeding, iron deficiency anemia, and infussus- 
cepfion, if would seem prudenf fo remove all polyps endoscopically if 
possible. Should surgical intervention be required, a combined approach 
wifh endoscopy, as is performed wifh PJS, may be considered. 

If is clear fhaf fhe risk of cancer associafed wifh fhe juvenile poly- 
posis S5mdromes jusfifies a lifelong surveillance program. Wifh fhe av- 
erage age af diagnosis of an overf neoplasm being 35 ,^^^ fhis program 
should probably begin in fhe teenage years. Colonoscopy is preferred, 
wifh upper endoscopy and radiographic examination of fhe small in- 
fesfine added for fhose wifh generalized juvenile pol5q)osis. The inter- 
val between examinations is debatable but probably should vary be- 
tween 2 to 5 years based upon the age of fhe pafienf, fhe family hisfory, 
and fhe findings of previous examinafions. 

The primary cancer risk for pafienfs wifh Cowden's disease is for breasf 
and fhyroid malignancies.^^® There are no special recommendations re- 
garding screening for fhese cancers ofher fhan fo emphasize adherance 
fo esfablished programs for fhe defection of breasf and colorecfal fumors 
and fhe prompf evaluation of any neck or male breasf masses. 

The BRR s5mdrome does nof appear fo have an associafed increased 
risk of malignancy.^^® Special cancer screening programs for fhese pa- 
fienfs are nof warranted. 
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Hereditary Nonpolyposis 
Colorectal Cancer 

Elizabeth G. Grubbs, Roberto J. Manson, and Kirk A. Ludwig 



Colorectal cancer is a major public health concern in westernized so- 
cieties. In the United States alone it is one of the major causes of can- 
cer deafh in bofh men and women wifh approximafely 140,000 new 
cases each year and almosf 50,000 deafhs.^ If is esfimafed fhaf approx- 
imafely 10% of fhese cases are fhe resulf of a primary germline genefic 
mufafion.^”® There are two major inherited colorectal cancer S 5 m- 
dromes: familial adenomafous pol 5 ^osis (TAP) and heredifary non- 
polyposis colorecfal cancer syndrome (HNPCC). Pamilial adenomafous 
polyposis is fhoughf fo accounf for less fhan 1% of colorecfal cancer 
cases while PINPCC is fhoughf fo be responsible for approximafely 5% 
fo 8%. 

Pleredifary nonpol 5 ^osis colorecfal cancer, or L 5 mch syndrome, is an 
aufosomal dominanf genefic disorder. The genefic basis for fhe disor- 
der is a germline mufafion of mismafch repair (MMR) genes. While 
mufafions in af leasf six MMR genes have been implicafed, mufafions 
af hMSH2 and hMLHl accounf for 40% and 35% of fhe mufafions, re- 
specfively. By virfue of inherifance, affecfed individuals are af an in- 
creased risk of developing colorecfal cancer or cerfain exfracolonic 
cancers af an early age. Based on multiple published sfudies, fhe In- 
femafional Collaborative Group on PINPCC sef forfh clinical criferia 
(Table 7.1) for fhe diagnosis of PINPCC in fhe absence of pol 5 ^osis in 

1999.6-11 



History 

The sfory of HNPCC sfarfs af fhe end of fhe 19fh cenfury in Ann Ar- 
bor, Michigan, when fhe professor of pafhology af fhe Universify of 
Michigan, Aldred S. Warfhin, quesfioned his seamsfress as fo fhe cause 
of her depression. She offered fhaf she feared deafh af an early age 
from gasfric, colon, or uferine cancer, as many of her ancestors had suf- 
fered fhis fate. His seamsfress did in facf die af an early age of endo- 
mefrial cancer. Warfin described his seamsfress's family in an arficle 
published in 1913. He called fhis family "G" for ifs German roofs. 
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Table 7.1 Features of HNPCC (Lynch syndrome). 

Familial clustering of colorectal and/or endometrial cancer 

Associated cancers: cancer of the stomach, ovary, ureter/renal pelvis, brain, 
small bowel, hepatobiliary tract, and skin (sebaceous tumors) 

Development of cancer af an early age 

Development of multiple cancers 

Features of colorectal cancer: (1) predilection for the proximal colon; (2) 
improved survival; (3) multiple colorectal cancer; (4) increased proportion 
of mucinous tumors, poorly differentiated tumors, and tumors with 
marked host-lymphocytic infiltration and lymphoid aggregation at the 
tumor margin 

Features of colorectal adenoma: (1) the numbers vary from one fo a few; (2) 
increased proportion of adenomas with a villous growth pattern and (3) a 
high degree of dysplasia; (4) probably rapid progression from adenoma to 
carcinoma 

High frequency of MSI (MSH-H) 

Inmunohistochemistry: Loss of MLHl, MSH2, or MSH6 protein expression 

Germline mutation in MMR genes QiMSH2, hMLHl, hMSH6, hPMSl, 
hPMS2) 



This information was not used until 1962, when Henry T. Lynch was 
consulted by a gastroenterologist regarding a patient with a strong fam- 
ily history of colorectal cancer. In the absence of multiple colorectal 
pol 5 y>s, the presumed diagnosis of FAP proved incorrect. Studying 
the family tree, L 5 mch found that the family had a high incidence of 
not only colorectal cancer but other extracolonic tumors, especially 
endometrial cancer. The patient ultimately died of an adrenal cortical 
carcinoma. 

Lynch presented this case in 1964 at a meeting of the American So- 
ciety of Human Genetics. Marjorie Shaw from the University of Michi- 
gan, who was in attendance, was reminded of a similar family that she 
knew. Lynch and Shaw conferred, and in 1966 Lynch published an ar- 
ticle on these two families, calling them "N" (Nebraska) and "M" 
(Michigan). These families were of great interest because they had a 
wide anatomic distribution of malignant lesions, there were family 
members with multiple primary tumors, and they had a high incidence 
of endometrial cancer. Pedigree findings indicated an autosomal dom- 
inant inheritance pattern, and the families had similar ethnic origins. 
The term "cancer family syndrome" was coined. 

Curiously, the proband of family "N" was quoted as saying, " . . . 
everyone in the family dies of cancer . . . ," reminiscent of Warthin's 
seamstress. 

The chairman of pathology at the University of Michigan, Warthin's 
successor, A. James French, on learning about families "N" and "M" 
was reminded of family "G," on which he had 30 years of detailed 
data. This material was put at Lynch's disposition, and after contin- 
ued investigation of family "G" he published an updated review in 
1971. In this article, he noted the autosomal-dominant inheritance 
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pattern and a predominance of colonic, endometrial, and gastric 
adenocarcinomas . 

In the mid-1980s, as similar pedigrees were recognized and reported, 
the name cancer family S 5 mdrome was changed fo heredifary nonpoly- 
posis colorecfal cancer. This ferm was chosen fo emphasize fhe lack of 
multiple pol5q7S fhaf differenfiafed if from fhe pol 5 ^osis S 5 mdromes.^® 

In 1984, Boland and Troncale^^^ described two patterns of fhis S 5 m- 
drome, calling fhem L 5 mch 1 and L 5 mch II. L 5 mch I families had pre- 
dominanfly colorecfal cancer, and L 5 mch II families had colorecfal can- 
cer and exfracolonic fumors, primarily fumors of fhe female genifal 
fracf.^^ 

A linkage approach was used fo defermine fhe predisposing locus 
of HNPCC. In 1993, after a search involving almosf fhe entire human 
genome, Pelfomaki ef al. reporfed an unequivocal linkage fo chromo- 
some 2p in two large HNPCC kindreds. They then tested loss of hef- 
erozygosify for 2p markers because a fumor suppressor gene was 
fhoughf fo cause fhe cancer predisposifion in fhe families.^® While fhis 
fheory did nof prove frue, mosf of fhe familial cancers were found fo 
have widespread alferafion in shorf repeafed DNA sequences, sug- 
gesting fhe numerous replication errors (RER's) had occurred during 
fumor developmenf. Lindblom ef al. almosf simulfaneously employed 
a combined approach wifh microsafellife markers and resfricfion frag- 
menf lengfh polymorphisms and linked cancer occurrences in HNPCC 
wifh mufafions on chromosome 3p.^® 

Mosf colorecfal cancers from HNPCC pafienfs have microsafellife in- 
sfabilify, and fhe ferm "replicafion error posifive" is used fo describe 
fhese fumors. If is fhoughf fhaf fhe HNPCC gene is a human homolog 
of DNA mismafch repair genes fhaf have been described in yeasf and 
bacferia.^^ Fishel ef al., using informafion abouf fhe location and func- 
tion of fhe suscepfibilify gene on chromosome 2p, isolafed fhe human 
homolog of fhe yeasf MSH2 (MufS homolog 2) by virfue of sequence 
homology befween species.^^ Evidence fhaf hMSHZ was fhe correcf 
gene came when germline mufafions of hMSHZ were found fo segre- 
gafe wifh cancer in fhree large HNPCC families.^^ Wifhin 1 year fhe 
mufL homolog was cloned on chromosome 3p21.^^ Since fhaf fime, 
eighf addifional mufL homologs QiPMSl) and MufS homolog have 
been identified. These genes are discussed furfher below. 

Clinical Features 

Lynch S 5 mdrome 1 families have a sife-specific, aufosomal-dominanf 
inherifed suscepfibilify fo colorecfal cancer. While —90% of sporadic 
colorecfal cancers occur in pafienfs older fhan 50 y, fhe average age of 
cancer diagnosis in Lynch I pafienfs is 44 y. Wifh sporadic colorecfal 
cancers, abouf 70% of fumors are locafed disfal fo fhe splenic flexure. 
In HNPCC, abouf 70% of fhe fumors arise proximal fo fhe splenic flex- 
ure, primarily in fhe righf colon. Lynch I pafienfs have an increased 
incidence of S 5 mchronous colon cancers. This 7% risk of S 5 mchronous 
cancer is abouf fhree fimes higher fhan fhaf seen in pafienfs wifh spo- 
radic colorecfal cancer. There is also an increased incidence of 




E.G. Grubbs, R.J. Manson, and K.A. Ludwig 169 



metachronous tumors, about five to seven times that of fhe general 
populafion.^^ Thirfy percenf fo 50% of pafienfs freafed wifh segmenfal 
resection develop a mefachronous fumor wifhin 10 fo 15 years of re- 
secfion.^^'^^ Even in pafienfs freafed wifh a fofal abdominal colecfomy 
and an ileorecfal anasfomosis, fhere is a 10% risk of recfal cancer in 12 
years. 

While colorecfal fumors from HNPCC pafienfs are similar fo fhose 
found in sporadic colorecfal cancer, fhere is a marked increase in fhe 
number of mucinous, signef ring cell, and poorly differenfiafed fumors 
encounfered.^® These fumors seem fo incife a parficular hosf immune 
response marked by an infense perifumoral lymphocyfic infilfrafe 
fhaf is likened fo fhaf seen in fhe bowel wall of pafienfs wifh Crohn's 
disease.^® 

The fwo genes mosf commonly implicafed in HNPCC are hMSHZ 
and hMLHl. In ferms of overall risk of colorecfal cancer, fhere is no 
significanf difference in risks between these two genot 5 ^es.^° Overall, 
there is about an 80% lifetime cancer risk for bofh groups.^^ If may be 
fhaf male hMSHZ carriers have a higher risk of colorecfal cancer fhan 
females (96% vs 39%). This difference may be relafed fo differences in 
risk of exfracolonic cancer. The proporfion of pafienfs wifh colorecfal 
cancer wifh recfal cancer in hMSHZ kindreds has been shown fo be in 
excess of fhe proporfion of recfal cancer in hMLHl kindreds (28% vs 
8%).^^ This risk difference may have implicafions for fhose undergo- 
ing surgery for HNPCC. In addifion, fhe pofenfial diagnosis of HNPCC 
should nof be overlooked wifh fhe finding of a recfal cancer in a young 
pafienf. 

There are inferesfing differences in fhe biologic behavior of fhe col- 
orecfal cancers for pafienfs wifh HNPCC as compared fo fhose wifh 
sporadic colorecfal cancer.^^'^'^ If appears fhaf HNPCC pafienfs have 
an overall greafer 10-year survival (69% vs 48%).^® When compared on 
a sfage-for-sfage basis, HNPCC pafienfs seem fo do better for every 
sfage of disease.^^ Heredifary nonpolyposis colorecfal cancer fumors 
fhaf penefrafe fhe bowel wall have fewer fhan expecfed disfanf mefas- 
fases, sfage III pafienfs have a better survival, and sfage IV pafienfs 
have fewer liver mefasfases fhan fhe general population of pafienfs 
wifh sporadic colorecfal cancer. 

The better prognosis for colorecfal cancer pafienfs wifh HNPCC may 
be fhe resulf of an enhanced immune surveillance. There are fumor- 
infilfrafing lymphocyfes often nofed on hisfology^^ in fhe colorecfal 
cancers of HNPCC pafienfs and in sporadic cases of colorecfal cancer 
fhaf arise as a resulf of MMR defecfs. These lymphocyfes are fhoughf 
fo slow fumor progression fhrough expression of inferleukin-4 and fu- 
mor necrosis factor-alpha in response fo human colon cancer antigen.^® 

In addifion fo colorecfal cancer, families wifh fhe Lynch II S 5 mdrome 
also have familial clustering of exfracolonic fumors, mosf commonly 
carcinomas of fhe endomefrium and ovaries, fransifional cell carcino- 
mas of fhe urefer and renal pelvis, and cancers of fhe stomach, small 
bowel, and pancreas. 

Today, some believe fhaf fhere is no frue disfincfion between the 
Lynch 1 and II syndromes: Both syndromes have been linked to the 
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same chromosomes^^'^^ in that they are only different expressions of a 
single syndrome. 

Overall, if is colorecfal cancer fhaf characferizes fhese syndromes, 
buf fhe exfracolonic fumors carmof be ignored. In one sfudy of 40 
HNPCC families, fhe mosf common fumor was colorecfal, accounfing 
for 64%; followed by endomefrial, 8%; gasfric, 6%; biliary/pancreafic, 
4%; and uroepifhelial carcinomas, IP/oP Similarly sfudies conducfed 
by Vasen ef al.^^ and Wafson and Lynch^^ also showed endomefrial 
carcinoma fo be fhe second mosf common malignancy. 

The risk of breasf and lung cancer in fhese families is unclear, wifh 
confradicfory dafa,^®^® probably as a resulf of fhe relafively high inci- 
dence of fhese fumors in fhe general populafion. Microsafellife insfa- 
bilify (MSI) has been found in many breasf cancer-affecfed HNPCC 
family members.^® 

Unforfunafely HNPCC does nof have a f 5 ^ical phenof 5 ^ic expres- 
sion. Unlike PAP fhere is no pol 5 ^osis. This lack of pol 5 ^osis was fhe 
firsf feafure fo differenfiafe HNPCC from FAP. In facf, family "G" was 
originally fhoughf fo have FAP, as nofed in Dukes' 1947 arficle.^^ 

The ferm heredifary "nonpol 5 ^osis" is somewhaf misleading. Polyps 
do form in pafienfs wifh HNPCC wifh an incidence similar fo fhaf seen 
in fhe general populafion. Mecklin ef al. showed S 5 mchronous polyps 
are presenf in 19% of cases, similar fo fhe incidence in sporadic col- 
orecfal carcinoma.^®"^^ Jusf as in sporadic colorecfal cancer, colorecfal 
cancers in pafienfs wifh HNPCC are fhoughf fo develop from adeno- 
matous polyps. As apposed fo FAP, however, fhey are simply nof pres- 
enf in large numbers. As compared fo sporadic polyps, fhe polyps in 
HNPCC families fend fo be larger, more offen righf sided, more often 
dysplasfic, and more offen villous. A colonoscopic screening program 
found pol 5 ^s in 17% of asympfomafic HNPCC family members; mosf 
of fhem were solifary.^° Jass ef al. reported fhaf HNPCC adenomas 
were larger and had more dysplasfic feafures.^®'^^ In 31% of fhese 
polyps, fhey described fhe inclusion of mucinous componenfs. If is 
fhoughf fhaf pol 5 ^s in HNPCC pafienfs have a more rapid growfh wifh 
a shorfer fime of progression from adenoma fo carcinoma. This justi- 
fies fhe shorf inferval between colonoscopic surveillance exams for pa- 
fienfs in HNPCC f amities. 



Diagnostic Criteria 

The Infernafional Collaborative Group on Heredifary Non Pol 5 ^osis 
Golorecfal Gancer (IGG-HNPGC) was formed in 1989 in Jerusalem. Its 
goal was to develop and unify the criteria, improve patient and physi- 
cian education about HNPGG, establish international collaborative 
groups, and promote the creation of national registries. 

In 1991, the IGG-HNPGC convened a meeting in Amsterdam to de- 
fine a strict set of diagnostic criteria (Table 7.2) for establishing the di- 
agnosis of HNPCC. The criteria were termed the Amsterdam Criteria.^^ 

While these criteria were helpful in standardizing diagnosis and 
identifying high risk individuals and families, they were primarily 




E.G. Grubbs, R.J. Manson, and K.A. Ludwig 



171 



Table 7.2 Amsterdam Minimum Criteria for HNPCC. 

1. At least three relatives should have histologically verified colorectal 
cancer; one of fhem should be a firsf-degree relative fo fhe ofher fwo; 
familial adenomatous polyposis should be excluded 

2. At least two successive generations should be affected 

3. In one of fhe relatives, colorectal cancer should be diagnosed before 

age 50 



meant to be used for research purposes and increase the yield in de- 
termining the yet undefined genetics of the S 5 mdrome. Clinically, they 
were strict and failed to recognize any of the S 5 mdrome's extracolonic 
manifestations. 

The Japanese Research Society for Cancer of the Colon and Rectum 
established clinical criteria to facilitate the inclusion of patients with 
incomplete family histories.^® In 1996 the Early Detection Branch of the 
National Cancer Institute convened an international workshop in 
Bethesda, Maryland, named "The Intersection of Pathology and Ge- 
netics in the Hereditary Nonpol 5 ^osis Colorectal Cancer (HNPCC) 
S 5 mdrome." The guidelines established (Table 7.3) were designed to 
choose the colorectal tumors to be studied seeking MIS or RER phe- 
notype in the attempt to identify HNPCC patients.^ The Bethesda 
Guidelines are much less stringent than the Amsterdam Griteria and 
take into account extracolonic tumors and a number of other features 
found in patients and families with HNPGC. 

Amsterdam Griteria II, or Revised Amsterdam Griteria (Table 7.4), 
were created to include carcinomas of the endometrium, small bowel, 
ureter, and renal pelvis. The term colorectal cancer was changed to 
"HNPGG-associated cancer."®® The value of Amsterdam II Griteria 
has been questioned. In one study, in selecting patients for genetic test- 



Table 7.3 Bethesda Guidelines for testing of colorectal tumors for 
MSI. 

1. Individuals with cancer in families who meet the Amsterdam Criteria 

2. Individuals with two HNPCC-related cancers, including synchronous and 
metachronous colorectal cancers or associated extracolonic cancers* 

3. Individuals with colorectal cancer and a first-degree relative with 
colorectal cancer and/or HNPCC-related extracolonic cancer and/or a 
colorectal adenoma; one of the cancers diagnosed at age <45 and the 
adenoma diagnosed at age <40 

4. Individuals with colorectal cancer or endometrial cancer diagnosed at 
age 45 

5. Individuals with signet-ring cell-type colorectal cancer diagnosed at age 
<45J 

6. Individuals with a right-sided colorectal cancer with an undifferentiated 
pattern (solid /cribriform) on histopathology diagnosed at age <45t 

7. Individuals with adenomas diagnosed at age <40 

^Endometrial, ovarian, gastric, hepatobiliary, or small-bowel cancer or transitional cell 
carcinoma of the renal pelvis or ureter. 

tSolid/ cribriform defined as poorly differentiated or underdifferentiated carcinoma 
composed of irregular, solid sheets of large eosinophilic cells and containing small gland- 
like spaces. 

JComposed of >50% signet ring cells. 
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Table 7.4 Revised ICG-HNPCC criteria (Amsterdam Criteria II). 

1. At least three relatives with an HNPCC-associated cancer (colorectal 
cancer, cancer of the endometrium, small bowel, ureter, or renal pelvis) 

2. One should be a first-degree relative of the other two 

3. At least two successive generations should be affected 

4. At least one should be diagnosed before age 50 

5. FAP should be excluded in the colorectal cancer case(s) if any 

6. Tumors should be verified by pathologic examination 



ing the detection rate did not differ based on use of Amsferdam I or II 
Criferia.®° 

Incidence 

The L 5 mch S 5 mdrome is fhe mosf common heredifary colorecfal cancer 
S 5 mdrome, accounfing for approximafely 5% of large bowel malignan- 
cies. Discovering fhe frue incidence is difficulf due fo fhe facf fhaf fhe 
diagnosis is based upon descripfive criferia. Mosf of fhe esfimafes are 
based on Amsferdam Criferia, which, as sfafed, are sfricf and fherefore 
are probably below fhe frue values. 

Genetics 

During the last decade molecular genetic discoveries of cancer predis- 
posing genes have verified fhaf a significanf subsef of cancers is hered- 
ifary in accord wifh mendelian inherifance expecfafions.^^ These mo- 
lecular genetic findings have allowed heredifary colorecfal cancer fo 
be divided info two groups: the chromosomal instability (CIN) group 
and the MSI group. In the CIN pathway, mutations in tumor sup- 
pressor genes, such as APC, p53, and DCC, as well as proto-oncogenes, 
such as Ras, occur. These mutations are usually characterized by dele- 
tions of large regions of chromosomes fhaf confain fhe fumor sup- 
pressor genes involved. The vasf majorify of all colon cancers, includ- 
ing fhe heredifary S 5 mdrome FAP, arise via fhe CIN pafhway. Tumors 
arising from fhe MSI pafhway demonsfrafe replicafion errors in 
fhe DNA nucleotide repeals (microsafellifes) fhaf are scattered fhrough- 
ouf fhe genome, and fhe failure fo correcf such errors resulfs from 
mufafions in DNA MMR genes. The HNPCC colorecfal cancers and 
approximafely 15% of sporadic colorecfal fumors arise via fhe MSI 
pafhway.^^ 

Microsatellite Instability 

Microsatellite instability is the hallmark of MMR deficiency. If is fhe 
alferafion in fhe lengfh of a microsafellife sequence wifhin fumor DNA 
when compared fo normal DNA from an individual.^^ For example, 
CACACACACA (10 nucleotides) will become CACACACA (8 nucle- 
otides).^^ As a resulf of fhe insertions, delefions, or mispairings, MSI 
arises from changes in fhe number of unifs of mono-, di-, and frinu- 
cleofide DNA repeals, which due fo fheir repetitive nafure are prone 
fo errors during replicafion.^^"®^ There are 50,000 fo 100,000 of fhese 
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repeat sequences, the most common of which are [A]n/{T}n and 
{CA}n/{GT}n. They are scattered throughout the human genome and 
are prone to replication infidelity.^® Because MSI can be associated with 
strand slippage during the replication process, they are referred fo as 
RER+ (replication error positive) fumors as opposed fo fhe normal 
RER— fype. Bofh alleles of a mismafch repair gene musf be inacfive fo 
cause a MMR deficiency. This deficiency resulfs in errors fhaf accu- 
mulafe in fhe genes responsible for growfh regulafion fhaf are nof re- 
paired and resulf in®^'^® suscepfibilify fo fumor formation. 

Microsafellife insfabilify occurs in approximafely 15% of sporadic 
colorecfal fumors; however, MMR gene mufafions have been found in 
only a minorify of fhese cancers. Mosf of fhese sporadic cancers are 
due fo inacfivafion of hMLHl fhrough an epigenefic mechanism. Many 
gene promofers confain regions confaining -CG- repeafs, formed GpG 
islands. DNA mefhylfransferases add mefhyl groups fo fhe cyfosines 
in GpG islands, which inhibifs franscripfion of fhe gene. This h 5 q>er- 
mefhylafion of fhe GpG islands in fhe hMLHl promofer region has been 
found in approximafely 80% of MSI-posifive sporadic colorecfal 
fumors.^® 

Discovery of Human Mismatch Repair Genes 

Eollowing the study of large kindreds using linkage analysis, fhe HN- 
PGG suscepfibilify loci were mapped fo chromosomes 2pl6 and 
3p21.^^'^® Expanded microsafellifes were found in HNPGG, rafher fhan 
regions of loss, and fhis was formed MSI. Microsafellife insfabilify had 
already been sfudied exfensively in bacferia and yeasf, and fhis led fo 
posfional cloning sfrafegies identifying fhe human homolog for fhe 
mufS gene on chromosome 2p {hMSHI, /iuman Muf S homolog). This 
was followed by fhe idenfificafion of fhe human homolog of fhe mufL 
gene on chromosome 3p {hMLHl, ftuman Muf L /iomologue).^® Mufa- 
fions in hMSHI and hMLHl accounf for fhe majorify of reporfed 
HNPGG cases. Two additional homolog mufL genes {hPMSl on chro- 
mosome 2q and hPMSI on chromosome 7q) have been cloned, mufa- 
fions found in small numbers of HNPGG kindred.^® Two ofher ho- 
mologs of fhe muf S gene have also been cloned {hMSH3 and GTBP/ 
hMSH6), and mufafions have been recenfly desribed in GTBP in 
HNPGG kindred.^® These genes, and fhe profeins fhey encode for, are 
responsible for eukaryotic mismafch repair. 

DNA Mismatch Repair Genes 
hMLHl and hMSH2 

To date, more than 70 different germline mutations have been detected 
in MMR genes and shown to be associated with HNPGG. The Inter- 
national Gollaborative Group on HNPGG has established a database 
of DNA mismafch repair gene mufafions and polymorphisms pub- 
lished in 1997.®° These dafa show fhaf >80% of mufafions affecfed fhe 
hMLHl and hMSHI genes, and fhaf fhe mufafions were evenly dis- 
fribufed wifh some clusfering on hMSHI exon 12 and hMLHl exon 16. 
Mosf hMSHI mufafions consisfed of frame-shiff (69%) or nonsense 
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changes (23%). Frame-shift (40%) or missense alterations (31%) mainly 
affected the hMLHl. Missense mutations appeared to produce a less 
severe phenotype than nonsense or frameshift mutations. 

Proof that mutations in hMLHl and hMSHZ are associated with MSI 
came from a study by Umar et al.®^ In this study a single chromosome 
3 from normal fibroblasts was transfected into cells from the human 
colon tumor cell line HCT116, carrying a homozygous mutation in 
hMLHl and exhibiting MSI. The transfection resulted in a correction of 
MMR deficiency with MSI. 

A recent study by Vasen et al. compared the incidence of cancer 
among 138 HNPCC families with hMLHl, hMSHZ, and hMSH6 muta- 
tions.®^ They found a significantly increased overall risk for develop- 
ing cancer at any site in hMSHZ mutation carriers compared with car- 
riers of hMLHl mutations. The risk of developing colorectal cancer and 
endometrial cancer was also higher in hMSHZ mutation carriers than 
in hMLHl mutation carriers, but the difference was not significant. An 
explanation for why hMSHZ mutations are associated with a higher 
risk of developing cancer may involve the role hMSHZ plays in the con- 
trol of the homologous recombination of two identical DNA strands. 
If the DNA strands vary more than 1%, the MSHZ protein prevents re- 
combination.®® Also, the hMSHZ gene appears to be involved in path- 
ways of transcription-coupled repair. This diversity of function may 
be responsible for the variation in cancer risk. 

hMSH6, hPMSl, and hPMS2 

In addition to hMLHl and hMSHZ, other notable germline mutations 
responsible for the HNPCC S 5 mdrome include hMSH6, hPMSl, and 
hPMSZ.^^'^^ hPMSl and hPMSZ genes have been identified as hMLHl 
analogs and are located on chromosomes 2q31-33 and 7p22, respec- 
tively.®® It has been discovered that the mismatch binding factor con- 
sists of two distinct proteins, the 106-kDa hMSHZ and the 160-kDa 
pol 5 q)eptide GTBP (G/T binding protein).®^ Sequence analysis identi- 
fied GTBP as a new member of the MutS homolog family, and GTBP 
is now called hMSH6. The MSHZ protein forms two different mutS 
protein complexes with other MutS homologs (MSHZ/MSH6 and 
MSHZ/MSH3) that recognize mispaired bases in DNA. The MLHl pro- 
tein forms a protein complex with PMSZ that interacts with the MutS 
protein complex bound to the mispaired DNA. After binding of these 
complexes, excision of the mispaired DNA occurs, followed by DNA 
res 5 mthesis.®® These DNA MMR genes work as a unit. Therefore, when 
there is a mutation in any of these genes, normal function is lost. 

Effects of MMR Dysfunction 

In addition to repairing errors, the MMR proteins are essential in reg- 
ulating recombination events. They function as a barrier to illegiti- 
mate exchanges between quasihomologous DNA sequences. As a re- 
sult, cells deficient in MMR not only have a mutator phenot 5 q)e with 
MSI but also a h 5 q)errecombinant phenotype with chromosomal in- 
stability.®® They do not, however, have a massive chromosomal desta- 
bilization. 
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Mismatch repair mutations may be inherited or acquired as a result 
of exposure to environmental agents such as carcinogens like hetero- 
cylcic amines.®^ Microsatellite instability can also be seen in ulcerative 
colitis and chronic pancreatitis, both inflammatory diseases that may 
predispose to cancer. One suggested theory is that chronic inflamma- 
tion can lead to saturation and subsequent failure of fhe MMR sysfem, 
increasing fhe mufafion rafe.^°'^^ 

MSI Categories 

Microsatellite instability phenot 5 q)es have been divided into those with 
high (MSl-H) and low (MSI-L) levels of insfabilify. MSI-H is defined 
as insfabilify af 30% or more of fhe loci sfudied, and MSH-L is defined 
as insfabilify af 1% fo 29% of loci.®^ Uncerfainfy exisfs abouf fhe clini- 
cal and biologic significance of fhe MSl-L phenof 5 q)e because fhe be- 
havior of MSL-L fumors is offen similar fo fhaf of microsafellife sfable 
(MSS) fumors. There appears fo be clinical and hisfopafhologic dif- 
ferences befween MSI-H and MSS /MSI-L colorecfal cancers. Tumors 
wifh MSI-H are more likely fo have mufafions in genes wifh shorf repef- 
ifive fracfs such as fhe fransforming growfh facfor befa recepfor gene, 
BAX genes, IGF2R gene, and ofhers.®^®^ Compared fo MSS, MSI-H can- 
cers are less likely fo have loss of APC®® or mufafions in K-ras^^ or 
p53.^^ MSI-H fumors are more likely fo be diploid^^^ and less likely 
fo express carcinoembyronic anfigen.^^^ A female predilecfion for 
MSI-H fumors has been reporfed,^^^ and MSI-H fumors are fhoughf fo 
have a beffer sfage-specific prognosis. MSI-H fumors are more likely 
fo show cribiform/solid growfh paffem and signef ring hisfology or 
high-grade medullary hisfology.^® These fumors are also more likely 
fo be mucinous^^^ as well as exophyfic.^^^ 

Carriers of pafhogenic hMLHl/hMSHI germline mufafions fre- 
quenfly show MSH-H in fumor fissue.^°^ Alfhough carriers of hMSH6 
may presenf wifh fhe MSH-H phenof 5 q)e, fhey have a fendency fo pres- 
enf wifh fhe MSI-L phenofype.^^^ 

MSI Status Testing 

The current standard for assessing fumor DNA MMR compefency is 
molecular MSI fesfing. This fesf involves exfracfing DNA from bofh fu- 
mor and normal tissue excised af surgery. The DNA fhen undergoes 
polymerase chain reacfion (PCR) of five or more differenf chromoso- 
mal loci fhaf compares microsafellifes. This is achieved by running fhe 
PCR producfs fhrough a gel fo separafe fhe DNA fragmenfs by size, 
comparing fhe fumor-normal pairs, and scoring for differences be- 
fween fhe two. Usually instability of 30% or more of fhe markers fesfed 
defines a fumor as MSI-H. 

The resulfs of MSI fesfing depend on fhe choice of microsafellife 
markers used. The Nafional Cancer Insfifufe workshop has recom- 
mended fhe use of a reference panel of two mononucleotide markers 
(BAT25, BAT26) and three dinucleotide markers (D5S346, D2S123, and 
D17S250).®^ The distinction between MSI-L and MSS tumors can only 
be made if a greafer number of markers are ufilized.^^® As menfioned 
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previously, MSI-H tumors have a unique pathologic phenotype, while 
MSH-L and MSS tumors appear to be phenot 5 q)ically similar. How- 
ever, the high incidence of hMSH6d germline mutation in suspected 
HNPCC families wifh MSI-L fumors indicafes fhaf MSI-L fumors 
should be accepfed as evidence of MSI. If has been suggesfed fhaf MSI 
in multiple fumors from fhe same family should be accepfed as crife- 
ria for HNPCC. However, MSI is nof ifself proof of HNPCC as 10% 
fo 20% of sporadic fumors also show some degree of MSI.^^° 

Wifh modem aufomafed fechnology fhe genof 5 q)ing ifself is sfraighf- 
forward and quick. Limifafions include fhe facfs fhaf fhe fesfing is eas- 
iesf using relafively sophisficafed hardware and fhaf bofh affecfed and 
unaffecfed tissue musf be sfudied.^^^ Because hMLHl and hMSHI ac- 
counf for 75% of families meeting Amsferdam Criferia, and in HNPCC 
pafienfs wifh MSI-H fumors nearly all families are fhoughf fo carry 
germline mufafions in hMLHl and hMSHI, Lindor ef al. proposed im- 
munohisfochemical (IHC) fesfing of hMLHl and hMSHI in fumor sam- 
ples as an alfemafive approach.^^ This group assessed colorecfal can- 
cers from 1,144 pafienfs for DNA mismafch repair deficiency by fwo 
mefhods: MSI fesfing and IHC defection of hMLHl and hMSHI. IHC 
was found fo provide a rapid, cosf-effecfive, sensitive (92.3%), and ex- 
fremely specific (100%) mefhod for screening DNA MMR defecfs. 



Diagnosis of HNPCC 

The firsf clue fo fhe presence of an inherifed colorecfal cancer S 5 mdrome 
is a family hisfory of colorecfal cancer. In general, all pafienfs wifh can- 
cer should be questioned regarding ofher family members wifh can- 
cer. Specifically, all pafienfs wifh colorecfal cancer are questioned abouf 
ofher family members wifh colorecfal or exfracolonic fumors. The clin- 
ician is looking for evidence of a dominanfly inherifed colorecfal can- 
cer syndrome such as vertical fransmission from one generation fo an- 
ofher, disease af an early age, and multiple relatives affecfed. When 
affirmative responses raise suspicion fhaf an individual is a member 
of an as yef undiagnosed family, a fully documenfed pedigree is 
needed. This is besf underfaken by a genefic counselor or ofher qual- 
ified person in fhe confexf of an insfifufional review board-approved 
inherifed cancer regisfry or inherifed cancer clinic. The pafienf and 
ofher family members will need fo sign an informed consenf, and di- 
agnoses will need fo be confirmed wifh pafienf records, pafhology re- 
porfs, or deafh cerfificafes. 

If fhe Amsferdam Criferia are mef, fhe pafienf and af-risk family 
members may be offered genefic fesfing. The use of fhese criferia as an 
indicafion for germline MMR gene fesfing resulfs in defection of a mu- 
fafion in 40% fo 60% of families. The use of less sfricf criferia is asso- 
ciafed wifh significanfly lower yields. These criferia are sfricf and 
fail fo accounf for small family size and / or presence of exfracolonic fu- 
mors. Af fhis fime, however, fhere is insufficienf dafa fo jusfify roufine 
MMR gene fesfing unless fhese criferia are mef. 
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The Bethesda Guidelines suggest that when the suspicion of HNPCC 
is raised and tumor tissue is available, testing for MSI as evidence of 
MMR deficiency should be considered. Microsafellife insfabilify is an 
imperfecf buf helpful molecular "fingerprinf" of HNPCC. If can be 
helpful in guiding choices abouf whefher furfher genetic fesfing 
will be informative. The presence of a microsafellife-unsfable fumor in 
fhe seffing of a sfrong family hisfory is highly suggestive of HNPCC. 
A microsafellife-sfable fumor in a young pafienf is unlikely fo repre- 
senf HNPCC. Almosf all fumors arising wifhin fhe confexf of HNPCC 
are microsafellife unsfable. Microsafellife insfabilify is presenf in ap- 
proximafely 15% of sporadic colorecfal cancers. Therefore, wifh an 
MSTposifive fumor from an affecfed family member fhe diagnosis of 
HNPCC musf be confirmed by MMR gene fesfing. 

Commercially available fesfing is currenfly available for mufafions 
in hMLHl and hMSHZ. Because screening in general sfarfs affer fhe age 
of 20, genetic fesfing is nof offered unfil fhe age of 18 fo 20 or 10 years 
younger fhan fhe youngesf affecfed family member. A positive fesf con- 
firms fhe diagnosis, and all firsf-degree relatives are considered fo be 
af 50% risk of carrying fhe mufafion. Genefic fesfing in fhese family 
members should give conclusive resulfs. Affecfed family members are 
considered af high risk of colorecfal and exfracolonic malignancy, and 
appropriafe screening recommendations are made. In a family wifh a 
known mufafion, a negative fesf resulf indicafes fhaf fhe family mem- 
ber, and his or her children, is nof af risk for HNPCC, and screening 
for colorecfal cancer is no differenf fhan fhaf for fhe average risk 
pafienf. 

For individuals who meef criferia for genefic fesfing in which fhere 
is a "no mufafion defecfed" resulf obfained, fhe pafienf and all firsf 
degree relatives should continue wifh recommended HNPCC screen- 



Screening for HNPCC 

Colorectal Neoplasms 

Provisional screening recommendations have been developed for in- 
dividuals wifh MMR mufafions. These recommendations may 
also apply fo nonfesfed individuals from MMR mufafion posifive 
HNPCC families and fhose from families wifh an aufosomal dominanf 
predisposifion fo colorecfal cancer. Full colonoscopy fo fhe cecum wifh 
removal of adenomafous pol 5 ^s is recommended begirming af age 20 
fo 25 or 5 years earlier fhan fhe age of cancer diagnosis in fhe youngesf 
affecfed relative. Examinations are performed every 1 fo 2 years 
for fhe duration of fhe pafienf's life. No randomized confrolled frials 
have been performed fo subsfanfiafe fhe benefif of colonoscopy in 
MMR gene mufafion carriers. However, colonoscopic pol 5 ^ecfomy of 
adenomas has been shown fo significanfly reduce fhe incidence of col- 
orecfal cancers in nonfesfed af-risk individuals of HNPCC kindreds. 
Using experimenfal decision analysis models evaluating cancer pre- 




178 



Chapter 7 Hereditary Nonpolyposis Colorectal Cancer 



vention strategies in 25-year-old MMR mutation carriers, colonoscopic 
screening increased life expectancy by 7 to 13.5 years. 

Extracolonic Neoplasms 

Endometrial cancer is the second most common cancer seen in 
HNPCC families, wifh a cumulative risk of 30% fo 60% in MMR mu- 
fafion carriers. Annual screening for endomefrial cancer is rec- 
ommended begirming af age 25 fo 35 and confinued fhroughouf fhe 
pafienf's life.^^^ Screening opfions include endomefrial aspirafe and 
fransvaginal ulfrasound. Such mefhods are accepfed screening fools for 
posfmenopausal women buf have nof yef been fesfed in younger 
asympfomafic pafienfs.^^'^ 

Insufficienf dafa exisf fo make recommendations for fhe ofher 
HNPCC-relafed neoplasms, including sfomach, small-bowel, biliary 
fracf, urinary fracf, and ovarian fumors. However, screening for a spe- 
cific cancer is recommended if fhis fumor is diagnosed in a family mem- 
ber. The age for beginning screening is based on fhe individual family 
cancer hisfory. Upper gasfroinfesfinal endoscopy is fhe screening 
mefhod used mosf offen for sfomach cancer. Urinalysis and ab- 
dominopelvic ulfrasound are used fo screen for cancer of fhe urinary 
fracf. Serum CA125 and fransvaginal ulfrasound are fhe screening fools 
for ovarian cancer. 

Management of HNPCC 

Heredifary nonpol 5 ^osis colorecfal cancer is characferized by early-on- 
sef colorecfal cancer wifh righf sided predominance, S5mchronous or 
mefachronous neoplasms, and exfracolonic neoplasms including en- 
domefrial, fransifional cell carcinoma of fhe renal pelvis and urefers, 
and small-bowel adenocarcinoma. The managemenf can be divided 
info fhe following cafegories: managemenf of an affecfed individual 
wifh unfreafed colorecfal cancer, managemenf of an affecfed individ- 
ual wifh colorecfal cancer freafed wifh less fhan an abdominal colec- 
fomy, managemenf of fhe yef unaffecfed individual wifh a germline 
MMR mufafion, and fhe managemenf of individuals who developed 
adenomas buf nof carcinoma. 

Affected Individual with Untreated Colorectal Cancer 

The treatment for a newly diagnosed HNPCC individual wifh a colon 
carcinoma is an abdominal colecfomy wifh ileorecfal anasfomosis. Pre- 
venfion of mefachronous colon cancer is fhe rationale for fofal colec- 
fomy af fhe fime of fhe inifial cancer surgery. The risk of mefachro- 
nous colorecfal cancers is esfimafed fo be as high as 40% af 10 years 
affer less fhan an abdominal colecfomy. This risk may be up fo 72% 
af 40 years affer fhe diagnosis of a colorecfal cancer.^^® Colecfomy wifh 
ileorecfal anasfomosis, however, will nof eliminafe fhe risk of col- 
orecfal cancer in HNPCC pafienfs. The incidence of colorecfal cancer 
affer fhis procedure has been reporfed from 6% fo 20 %. ^^^427 
dominal colecfomy wifh ileorecfal anasfomosis was originally de- 
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scribed by Mayo and Wakefield in 1936d^® This procedure involves 
removing the entire abdominal colon and performing an anastomosis 
in the true rectumT^^ This is not an irmocuous procedure, and because 
of the potential morbidity, it is usually not ideal for patients whose 
procedure is palliative or in those with resectable metastatic diseaseT^^ 
These patients may be better served with a segmental resection and 
surveillance. 

The presentation of a female with colorectal cancer raises the issue 
of whether a prophylactic total abdominal hysterectomy and bilateral 
salpingo-opho recto my (TAH-BSO) should be performed S 5 mchronously 
with the colectomy. Endometrial cancer is the most common extra- 
colonic tumor in HNPCC, with the incidence in putative gene carriers 
being reported as 30% by age 70. Dunlop et al. reported a 42% risk 
of developing endometrial cancer vs a 30% risk of developing colorectal 
cancer in HNPCC patients. As a result, for patients who are post- 
menopausal or have completed their families, consideration should be 
given to a prophylactic TAH-BSO, although there is no data to sup- 
port this recommendation. 

For HNPCC patients presenting with rectal carcinoma, efforts should 
be made for sphincter preservation. The preferred surgical procedures 
for patients with HNPCC presenting with rectal cancer are total proc- 
tocolectomy with ileal pouch-anal anastomosis. If the features of the 
tumor do not allow for sphincter preservation, an end ileostomy will 
follow the proctocolectomy. Moslem et al. reported that 54% of 
HNPCC patients presenting with rectal cancer developed a metachro- 
nous colonic cancer at a mean of 7.4 years. Segmental resections such 
as low anterior resection and abdominoperineal resection are not the 
preferred operative approaches. However, stage of the disease and pa- 
tient factors will impact the final decision for t 5 ^e of operation. 

Affected Individual Treated with Less than Abdominal Colectomy 

Patients with HNPCC treated with less than an abdominal colectomy 
should undergo surveillance colonoscopy every 1 to 2 years. The effi- 
cacy of extracolonic cancer screening recommendations remains to be 
proven. 

Unaffected Individual with Germline MMR 

Prophylactic abdominal colectomy is a controversial option for carri- 
ers of MMR gene mutations with normal colons. The penetrance in 
HNPCC is 80% to 85%, meaning that 15% to 20% of such individuals 
will not develop colorectal cancer in their lifetime. i34 The benefits of 
prophylactic surgery include eliminating the majority of the colon at 
risk for cancer and eliminating surveillance colonoscopic examinations 
and the accompanying complications. 1^3 Against prophylactic colec- 
tomy is the fact that patients will still have rectal mucosa at risk re- 
quiring surveillance examinations as well as cancer risk in other ex- 
tracolonic organs. Because the organ in which the first carcinoma arises 
is not predictable, theoretically there may be no end of prophylactic 
surgery in these patients. ^33 
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Mathematical models used to derive survival benefits of prophylac- 
fic surgery in gene carriers show no advanfage of more fhan 24 monfhs 
as opposed fo endoscopic surveillance assuming 100% compli- 
anced^^'^^^ Jarvinen ef al. reporfed a 62% decrease in colorecfal cancer 
incidence and 65% decrease in overall deafh rafe in HNPCC af-risk in- 
dividuals who underwenf surveillance wifh flexible sigmoidoscopy 
and barium enema or colonoscopy every 3 years over a 15-year period 
compared fo fhose HNPCC af-risk individuals who refused surveil- 
lanced^^ From fhis sfudy, if appears fhaf colonoscopy every 2 fo 3 years 
is an effecfive managemenf opfion for pafienfs wifh a germline MMR 
gene mufafion who have nof yef developed colorecfal cancer. There 
currenfly is no evidence for or againsf prophylacfic colectomy in such 
pafienfs. One possible sif nation where prophylacfic colectomy could 
be performed is fhe pafienf where colonic surveillance is fechnically 
nof possible or a pafienf who refuses colonoscopic surveillance. Pa- 
fienfs who undergo colecfomy should be fold fhaf fhey will require 
lifelong endoscopic evaluation of fheir recfal segmenf. Pafienfs also 
need fo undersfand fhaf fhe alfemafive fo colecfomy is lifelong colono- 
scopic surveillance.^^® 

Individual with Adenoma but Not Carcinoma 

Colonic adenomas in patients with HNPCC are thought to be larger, 
more advanced histologically, and more dysplastic than adenomas in 
the general population. This observation suggests that the adenoma 
carcinoma sequence is hastened^®^ in HNPCC. Taking this information 
into account, prophylactic abdominal colectomy could be considered 
a reasonable treatment option, especially if adenomas are numerous or 
frequenfly recur after endoscopic removal. In some pafienfs wifh 
HNPCC, colonic neoplasms presenf as plaque-like, flaf lesions fhaf can 
be difficulf fo idenfify and as a resulf may be difficulf fo endoscopi- 
cally remove. 

Endometrial Cancer 

Abdominal hysterectomy and bilateral salpingo-oophorectomy is 
standard operative management for endomefrial cancer, buf fhere is 
insufficienf evidence fo recommend for or againsf prophylacfic hys- 
ferecfomy as a measure for reducing cancer risk.^^° There are no 
dafa on fhe efficacy of TAH-BSO in HNPCC, alfhough if is an op- 
fion for prevention of endomefrial and ovarian cancer in women 
known fo have HNPCC or fo be carriers of HNPCC-associafed 
mufafions.^^^ 

Chemoprevention 

Populafion-based sfudies have suggesfed a role for aspirin in tower- 
ing fhe rafe of adenoma developmenf and carcinoma. Sulindac re- 
duces fhe rafe of adenoma developmenf in FAP.^^® Neifher agenf has 
been sfudied for use in HNPCC, and clinical evidence is needed before 
fhese fherapies can be recommended. 
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Hereditary Ovarian Cancer and 
Other Gynecologic Malignancies 

Mack N. Barnes and J. Max Austin 



Advances in molecular biology have resulted in an explosion of knowl- 
edge regarding the physiological pathways of development of inher- 
ited gynecologic malignancies. As a result, investigators are beginning 
to understand the sequence of genetic alterations that lead to the ma- 
lignant phenotype. This knowledge allows for the identification of in- 
dividuals carrying genetic alterations that can be considered at high 
risk for the development of gynecologic cancer. In addition, increased 
knowledge of the molecular changes that occur during the process of 
carcinogenesis allows for opportunities to intervene and potentially re- 
verse or prevent the progression of cells to the malignant phenot 5 q)e. 

This chapter, therefore, will provide the practitioner with an 
overview of genetic alterations that occur in families with a predispo- 
sition primarily to ovarian cancer and the methods of risk assessment 
in these patients. Moreover, available methods of screening and strate- 
gies of prevention will be reviewed. With this information, it is antic- 
ipated that the practitioner will be well equipped to effectively man- 
age these interesting patients. 

Ovarian Cancer 

Genetic Abnormalities in High-Risk Individuals 

The concept that individuals within certain families were predisposed 
to the development of epithelial ovarian cancer has long been recog- 
nized. A report from 1969, in Lancet, details a family where four se- 
quential generations of women were diagnosed with ovarian cancer.^ 
Through the 1980s and 1990s larger familial cohorts were identified 
where high penetrance of ovarian cancer was observed. This led to the 
classification of three specific syndromes: site specific, breast/ ovarian 
cancer S 5 mdrome, and Lynch syndromes.^ 

It is not until recently, with the advent of modern molecular biology 
techniques, that associated genetic mutations have been identified. 
Groundbreaking work by Easton et al. resulted in the identification of 
a genetic link of ovarian cancer to mutations in the BRCAl gene.^ Ini- 
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tial publications linking BRCAl and BRCA2 to elevated risk of ovarian 
cancer suggested a lifetime risk of ovarian cancer of 63% by age 70, 
where fhe normal population risk appro ximafes 1%.^ Moreover, Beller 
ef al. demonsfrafed fhe high frequency of ovarian cancer and associ- 
afed BRCA mufafions in women of Ashkenazi Jewish descenf, sfrengfh- 
ening fhe idea fhaf fhe elevafed risk of ovarian cancer is an inherifed 
phenomenon.^ Subsequenf population-based sfudies have expanded 
fhe population of pafienfs wifh associafed BRCAl and BRCA2 mu- 
fafions, and fhe esfimafed lifefime risk of ovarian cancer in fhese 
populations has been reduced. Based on accumulafed sfudies, fhaf 
lifefime risk of ovarian cancer in individuals wifh mufafions in fhe 
BRCA1/BRCA2 genes is between 15% and 30%.^'^ Additional studies 
have suggested that mutations in the BRCA2 gene are associated with 
markedly lower risks of ovarian cancer, in confrasf fo fhe persisfenf 
high suscepfibilify observed in risk of breasf cancer.^ 

Mulfiple genefic efiologies of cancer can and do exisf, so fhaf nof all 
inherifed forms of epifhelial ovarian cancer are affribufable fo BCRAl 
and BRCA2 mufafions. Indeed, Sfraffon ef al. suggesfed fhaf BRCAl 
mufafions occur in only 5% of sporadic ovarian cancer observed in pa- 
fienfs less fhan age 70.® These "ofher" genefic mufafions encompass al- 
ferafions in bofh known and unknown ovarian cancer associafed genes. 
This concepf is imporfanf in counseling pafienfs regarding inherifed 
risk. When a defined BRCA mufafion is presenf in a pedigree affecfed 
by mulfiple cases of breasf and ovarian cancer, fhen a positive or neg- 
ative genefic fesf can be useful in clinical decision making. However, 
if fhe BRCA gene is normal fhroughouf mulfiple affecfed relafives, fhen 
fhe confribufed risk may be due fo ofher inheri fable genefic alferafions, 
and BRCA fesfing is less helpful. 

Population-based sfudies have demonsfrafed a wide range of varia- 
tion regarding fhe prevalence of BRCA mufafions where a pedigree is 
suggestive of elevafed risk. Mulfiple sfudies of pafienfs wifh family his- 
tories suggestive of an increased familial risk of ovarian cancer have 
demonsfrafed fhe BRCA gene fo be mufafed in 0% fo 50% of pafienfs.®”^^ 
Sufcliffe ef al., using fhe UKCCCR Cancer regisfry, refrospecfively iden- 
tified pafienfs having two or more first-degree relatives having ovarian 
cancer.^^ In this patient cohort, a relative risk of developing ovarian can- 
cer remained elevafed af 11-59% when no abnormalify in BRCAl was 
noted. A recenf C 5 mecologic Oncology Group (GOG) sfudy prospec- 
tively identified ovarian cancer pafienfs wifh significanf family histories 
of breasf and ovarian cancer.^^ Of 26 eligible pafienfs screened for mu- 
fafions, 46% (12) had abnormalities in fhe BRCA genes {BRCAl-8 mufa- 
fions, BRCA2-4: mufafions). An increasing frequency of fhese mufafions 
was observed as fhe number of affecfed relafives increased. 

While population-based sfudies have esfablished linkage between 
mutations in the BRCAl gene and risk of ovarian cancer, laborafory 
sfudies have suggesfed an acfual role for fhe BRCA gene as a fumor 
suppressor. The profein producf of fhe BRCAl gene appears fo infer- 
acf in a pafhway fhaf repairs damaged DNA.^® Transcripfional regu- 
lafion of fhe p53 and p21 promofers and alferafion of Rad51 profein ap- 
pear fo be influenced by fhe BRCA profein producf. 
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Hereditary nonpol 5 y>osis colorectal cancer (HNPCC) is another ge- 
netic S 5 mdrome where an elevated risk of ovarian cancer is observed. 

Hereditary nonpol 5 y)Osis colorectal cancer is associated with mutations 
in the MSH2 or MLHl genes thought to result in defects of DNA mis- 
match repair, leading to microsatellite instability.^^ Cohort studies have 
documented an increased risk of ovarian cancer slightly greater than 
10% by age 70 in female patients afflicted by this syndrome. 

While most ovarian cancers where elevated inherited risk is observed 
are of epithelial derivation, rare ovarian tumor types have been ob- 
served in association with uncommon genetic syndromes. Ollier's dis- 
ease has been associated with the development of juvenile granulosa 
cell tumors.^® Approximately one third of patients diagnosed with 
ovarian sex cord tumor with armular tubules have Peutz-Jeghers S 5 m- 
drome.^^ Gorlin's S 5 mdrome is associated with an inherited predispo- 
sition to develop benign ovarian fibromas.^® Ataxia telangiectasia (AT) 
is an autosomal-recessive disorder with a gene abnormality identified 
on chromosome llq. A few patients with AT have been reported to 
develop ovarian dysgerminoma.^^ Gonadoblastoma, which refers to a 
tumor exhibiting both germ cell and sex cord stromal elements, have 
been known to develop in patients where a Y chromosome is present 
but a female phenotype exists. 



Assessment of Individuals at Elevated Inherited 
Risk of Ovarian Cancer 

The evaluation of who might be considered at elevated risk for ovar- 
ian cancer should be initiated in the context of a careful pedigree anal- 
ysis. Special emphasis should be placed within the pedigree analysis 
on multiplicity of breast and ovarian cancer within a familial cohort, 
as well as young age of onset. 

Emphasizing multiple cases of cancer and young age at onset, the 
American Society of Clinical Oncology (ASCO) has set forth guidelines 
regarding testing for genetic mutations.^^ The ASCO criteria for con- 
sidering genetic testing include families with (1) greater than two breast 
cancers and greater than one ovarian cancer at any age, (2) greater than 
three breast cancers before age 30, (3) sister pair with two breast can- 
cer and two ovarian cancers, or one of each before age 50, and (4) breast 
cancer before age 30. Again, one should bear in mind that genetic test- 
ing encompasses relatively few genes known to place individuals at 
risk. Situations may, therefore, arise where family history alone is suf- 
ficient for considering a screening or preventive intervention. 

While guidelines, such as these, can help suggest the patient at risk, 
the decision to perform a genetic test is multifaceted and is best de- 
termined under the auspices of a comprehensive multidisciplinary ge- 
netic counseling program. Gonsideration should be given to how the 
information will be utilized by the patient and provider. One should 
consider who will be the recipient of results and how the information 
will be dispersed throughout a family cohort. One should bear in mind 
that the most useful individual to test is an affected relative, as a test 
indicating a mutation for BRCA1/BRCA2 will be more informative than 
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a negative test. Finally, a negative test in affected individuals is prob- 
lematic as other "unknown" genes may be operative in individual fam- 
ily cohorfs. As such, if remains reasonable fo consider inf ervenf ions 
based on sfrong family history alone. 



Screening Interventions in High-Risk Individuals 

Recognizing that therapeutic intervention of any advanced-sfage solid 
fumor is unlikely fo produce a subsfanfial cure rate, affenfion has been 
given fo screening fo idenfify early-sfage disease amenable fo curafive 
resection. The fundamenfal challenge in fhis sfrafegy cenfers upon fhe 
relafively low prevalence of fhis disease. As such, fhe effectiveness of 
any screening sfrafegy will be severely hindered by a low-posifive pre- 
dicfive value. Given an esfimafed prevalence of 50 cases per 100,000 
populafion, a fesf wifh 99% specificify and 100% sensifivify would yield 
only 1 in 21 women undergoing surgical infervenfion wifh ovarian can- 
cer.^^ The screening frials performed fo date in average risk women 
would supporf fhese problematic sfafisfics. A represenfafive sfudy by 
Jacobs ef al. utilized screening wifh CA125 and ulfrasound in 22,000 
subjecfs.^^ These aufhors identified 41 women wifh posifive screening 
resulfs, of whom 11 were nofed fo have cancer. If is imporfanf fo note 
fhaf 70% of fhe screening-idenfified cancers were sfage III or IV 

Bofh fhe UK frial by Jacobs ef al. and a Swedish CA125 screening 
frial provided subsfanfial numbers of pafienfs wifh longifudinal CA125 
values.^'^ As invesfigafed by Skates ef al., graphical analysis of dafa 
suggested fhaf information fhaf differenfiafes ovarian cancer cases 
prior fo clinical sympfoms from all ofher women is confained in fhe 
pattern of CA125 over fime.^^ In women subsequenfly diagnosed wifh 
ovarian cancer, CA125 values rose exponentially over time, whereas in 
mosf ofher women CA125 values remained relafively sfable over time 
even when initially elevated. This informafion is in addifion fo fhe fra- 
difional inferprefafion of fhe CA125 value, namely, whefher if exceeds 
a given cutoff value of 30 or 35 U/mL. From sfafisfical models of fhe 
longifudinal CA125 behavior in cases and confrols, Skafes ef al. de- 
veloped a mefhod for calculafing fhe probabilify of having ovarian can- 
cer given fhe subjecf's CA125 values and age. This "risk of ovarian can- 
cer algorifhm" (ROCA) efficienfly identifies women af higher risk for 
more aggressive interventions. Analysis of fhe UK and Swedish dafa 
demonsfrafes fhe power of ROCA, wifh a vasf increase in fhe posifive 
predictive value (PPV) from 2% fo 16% achieved simply by using lon- 
gifudinal informafion rafher fhan a fixed cufpoinf across all subjecfs.^^ 
This increase in PPV is obfained white mainfaining a high level of sen- 
sifivify of over 80%. This ROCA forms fhe basis for a large mulficen- 
fer screening frial in women af increased risk of ovarian cancer cur- 
renfly being conducted in fhe United Sfafes. 

As a resulf of fhe lack of specificify of using CA125 as a screening 
marker, alternative sfrafegies are being developed. An arbirfrary goal 
of a PPV for early-sfage disease has been suggesfed fo be 10%. This 
would imply fhaf 10 interventions would be performed for each case 
of early-sfage cancer idenfified. Van Nagell ef al. have approximated a 
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10% PPV utilizing an ultrasound screening protocol.^® These authors 
performed screening ultrasounds on 14,469 "normal risk" subjects. Sev- 
enteen cancers were identified, of which 11 were stage I. This yielded 
a PPV of 9.4%. A criticism of this study, however, was that 6 of 11 of 
the stage I tumors were of a granulosa cell/stromal histology or ovar- 
ian tumors of low malignant potential. This finding was also observed 
in an ultrasound study by Sato et al. involving 51,550 subjects.^® Twenty- 
four tumors were identified, of which 17 were stage 1; however, 5 of 
the 17 were granulosa cell tumors or tumors of low malignant poten- 
tial. These tumor t 5 ^es have a markedly more indolent course, and the 
metastatic behavior of these tumors is in direct apposition to the t 5 ^i- 
cal epithelial cell ovarian tumor for which screening programs are be- 
ing designed. However, given these preliminary studies, further trials 
are indicated using ultrasound as a screening modality in high-risk in- 
dividuals where the prevalence of disease would be higher, potentially 
enhancing the PPV for epithelial early-stage ovarian cancer. 

Preliminary data utilizing serum proteomics is currently being eval- 
uated for potential clinical utility. Petricoin et al. recently reported on 
a proteomic approach to screening serum samples for protein expres- 
sion patterns that might suggest ovarian cancer. The sensitivity of 100% 
and specificity of 95% is promising for use in high-risk women. But, 
these test characteristics would lead to a PPV that is too low for use in 
the general low-prevalence population.^° These exciting findings will 
need to be verified in large scale clinical trials in high-risk women be- 
fore their utility is better defined. 



Prevention of Ovarian Cancer in High-Risk Populations 

Strategies that focus on prevention may provide a rational approach 
for meaningful reductions in deaths attributable to ovarian carcinoma. 
Increasing knowledge of inheritable genetic lesions in cohorts of pa- 
tients allows for the identification of high-risk populations. Moreover, 
while the molecular events leading to the development of ovarian can- 
cer are unknown, a carcinogenic pathway can be conceptualized that 
involves uninterrupted ovulation in a growth-stimulating hormonal 
milieu leading to increased probability of genetic lesions and expan- 
sion of tumorigenic clones. 

Oral contraceptives (OCs) have been suggested as potential preven- 
tive agents that may reduce the subsequent risk of ovarian carci- 
noma.^^“®° Historically, the effect has been attributed to reduction in 
the number of ovulatory events associated with regular use of OCs. 
More recent data, however, suggest that the protective effect of OCs 
may be more complex. An innovative study that supports the use of 
progestins as chemopreventive agents in ovarian carcinoma was re- 
cently published by Rodriguez et al. In a randomized design, these au- 
thors examined the effect on ovarian epithelium of levonorgestrel in 
130 ovulatory macaque monkeys.^^ This progestin was administered 
over a period of 35 months, at the end of which the animals were sac- 
rificed and their ovarian epithelium were examined for apoptosis us- 
ing immunohistochemical techniques. 
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These authors demonstrated significantly increased apoptotic cell 
counts in the ovarian epithelium of animals exposed fo progesferone 
and h 5 ^ofhesized fhaf progesfin-induced apoptosis of fhe ovarian ep- 
ifhelium is responsible for fhe chemoprevenfive effecf of OCs.^^ This 
idea is a deparfure from fhe widely accepted fheory fhaf suppression 
of incessanf ovulation is responsible for reduced risk of ovarian can- 
cer. Moreover, fhey fheorized fhaf oral confracepfive progesfins may 
decrease fhe risk of ovarian cancer by increasing fhe fendency of ovar- 
ian epifhelial cells fhaf have incurred genetic damage buf are nof yef 
neoplastic fo undergo apopfofic deafh.^^ 

Several sfudies have suggested fhaf fhe degree of profecfion is as- 
sociated wifh fhe duration of use of The lengfh of pro- 

fecfion appears fo be sfrongly correlafed wifh durafion of use. Pro- 
longed risk reducfion has been reporfed when OCs are used longer 
fhan 4 fo 6 years, and minimal benefif has been observed if ufilizafion 
is resfricfed fo 6 monfhs fo 2 years. Moreover, fhe profecfive 
benefif of OCs diminishes wifh fime and refurns fo baseline approxi- 
mately 15 years affer fhe lasf regular use of 

The influence of fhe esfrogen/progesfin confenf of a particular 
OC on subsequenf ovarian cancer risk is an issue needing furfher 
sfudy. Ness ef al. demonsfrafed idenfical risk reducfion for OCs wifh 
high-esfrogen/high-progesferone confenf when compared wifh low- 
esfrogen/low-progesferone confenf pills.^^ However, a recenf obser- 
vafional sfudy by Schildkrauf ef al. suggesfed fhaf low-progesferone 
OC formulafions were associafed wifh a significanfly higher risk of 
ovarian cancer when compared wifh high-progesferone potency OC 
formulafions.^^ 

One of fhe sfrongesf risk facfors for fhe subsequenf developmenf of 
ovarian cancer is a hisfory of mulfiple affecfed family members. Sfud- 
ies by Gross ef al. and Tavani ef al. demonsfrafed a risk reducfion wifh 
OC use in women wifh sfrong family hisfories.®^'^^ These resulfs led 
Tavani ef al. fo suggesf fhaf 5 years of OC use in "high-risk women" 
can reduce ovarian cancer risk fo fhe level observed in sfudies of low- 
risk women and in high-risk women who never used OCs buf have 
parify as a profecfive facfor.^^ Furfher sfudy is needed, however, in ac- 
fual BRCAl or BRCA2 gene mufafion carriers, mufafions wifh high risk 
of ovarian cancer. While an initial sfudy by Narod of 207 women wifh 
confirmed BRCA1/BRCA2 mufafions demonsfrafed a sfafisfically sig- 
nificanf risk reducfion wifh OC use,^® fhis finding was nof confirmed 
in a subsequenf sfudy of 244 women by Modan ef al., where a risk re- 
ducfion was presenf buf nof sfafisfically significanf.^® Thus, furfher 
sfudies of fhe association between OCs and ovarian cancer in women 
with BRCAl and BRCA2 mutations are necessary to clarify fhis issue. 
The profecfive effecf of OCs would appear fo be consisfenf across races 
as John ef al. demonsfrafed a reducfion in risk of 0.6 in African- 
American women wifh OC use of 6 years or more.®^ 

Nonsferoidal anfi-inflammafory drugs (NSAlDs) have generafed 
significanf enfhusiasm as chemoprevenfive agenfs, in parficular for 
colon carcinoma.®^ While some observational sfudies suggesf a reduc- 
fion of ovarian carcinoma risk wifh fhe use of some NSAID deriva- 
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tives, the rationale for their use as chemopreventive agents has been 
lacking. However, recent animal studies examining the effects of 
NSAIDs on normal ovulation shed light on the potential mechanisms. 
Foremost, several classes of NSAIDs have been demonstrated to inhibit 
ovulation across multiple species of vertebrates. Indomethacin ap- 
pears to inhibit ovulation in a dose-dependent fashion.^^'^^ In vitro 
analysis has suggested that inhibition of COX-2 leads to downregula- 
tion of local prostaglandins that may result in interactions with down- 
stream mediators of surface epithelial cell apoptosis inhibiting rupture 
of the epithelial lining of the dominant follicle.®^ Nonsteroidal anti- 
inflammatory drugs have also been demonstrated to result in potent 
growth inhibition and increased apoptosis in ovarian cancer cell lines.^^ 

Interesting evidence for an antigonadotropic effect in animals also 
exists for acetaminophen. Acetaminophen has a phenol ring, similar to 
estradiol, and an acetyl group similar to progesterone, indicating a po- 
tential sex steroid-antagonist property.^^'®® Evidence of this antigo- 
nadotropic property was suggested by toxicology studies demonstrat- 
ing uterine, ovarian, and testicular atrophy in rats fed acetaminophen 
at 25,000 ppm.^^ In this study, the frequency of ovarian cysts was 23% 
in mice exposed to 3,000 to 6,000 ppm acetaminophen compared with 
38% of mice either not exposed or minimally exposed.^^ 

Several observational studies of the association of analgesic use and 
risk of ovarian cancer have yielded inconclusive results. Compared 
with women who used aspirin rarely or not at all, Cramer et al. dem- 
onstrated a 25% reduction in risk among women with at least weekly 
use of aspirin over a 6-month period, while Tavani et al. demonstrated 
a 28% lower risk in "former users" of aspirin.^h66 Qj-jg should interpret 
these results with caution, however, as neither were statistically sig- 
nificant, and a study by Moysich et al. demonstrated no evidence of 
reduced risk in aspirin users. Epidemiological evidence also exists for 
acetaminophen's chemopreventive activity. Cramer et al. found that 
ovarian cancer risk among daily acetaminophen users was 61% lower 
than among nonusers.^^ Similarly, Moysich et al. observed a 44% re- 
duction in risk with regular acetominophen use, defined as use at least 
once a week.^^ In both studies, the protective effect of acetaminophen 
was statistically significant. Rodriguez et al. also reported a 45% lower 
death rate from ovarian cancer in women using acetaminophen daily; 
however, this finding was not statistically significant. In this particu- 
lar study, only 5% or 5,731 women (of 11,482 total women reporting 
any acetaminophen use) reporting daily acetaminophen use, and this 
small number of subjects could have contributed to a wider confidence 
interval.^® A case control study reported by Rosenberg et al. examin- 
ing the potential protective benefit of regular acetaminophen use found 
little evidence of an ovarian cancer risk reduction associated with this 
analgesic. However, together, current data presents a rational argu- 
ment for the continued study of these agents in clinical and preclini- 
cal investigations. 

An agent used for chemoprevention should have the capacity to 
cause cellular differentiation or lead to apoptosis in an initiated cell 
destined to become malignant. Experimental evidence indicates that 
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retinoid derivatives can inhibit growth and promote cellular differen- 
tiation in ovarian cancer cells. In vitro experiments have demonstrated 
growth inhibition after application of all-frans retinoic acid fo CAOV3 
ovarian carcinoma cells. In addition, Caliaro ef al. and Brooks ef al. 
demonsfrafed increased induction of cyfokerafins in culfures of ovar- 
ian cancer cells exposed fo retinoic acid, suggesting a role in fhe dif- 
ferenfiafion of fhese cells. Finally, Supino ef al. exposed A2780 ovar- 
ian cancer cell culfures fo fenrefinide and observed an increase in 
apoptosis. The abilify of retinoid derivafives fo prevenf ovarian car- 
cinoma is also suggested in an infervenfional sfudy in humans by 
Veronesi and De Palo.^^'^^ These aufhors reported a phase III frial of 
fenrefinide for fhe prevenfion of second breasf cancers. Subgroup anal- 
ysis demonsfrafed a significanfly lower incidence of developmenf of 
ovarian cancer in fhe freafmenf group. These resulfs, however, musf 
be inferprefed wifh caution due fo fhe limifed number of ovarian can- 
cer cases and fhe sfafisfical pif falls inherenf in subgroup analyses. These 
sfudies have helped define fhe basis for an ongoing clinical frial 
(GOG190) examining fhe fissue effecfs of preoperafive fenrefinide ad- 
minisfrafion over 4 fo 6 monfhs in women undergoing prophylacfic 
oophorecfomy due fo high familial risk of ovarian cancer. 



Surgical Strategies to Reduce the Risk of Ovarian Cancer 

The ability to define populations of women af increased inherifed risk 
for ovarian cancer has made consideration of prophylacfic bilaferal 
oophorecfomy (BSO) in fhese cohorfs a rational consideration. Recenf 
sfudies defining lifetime risk for ovarian cancer in women wifh BRCAl 
mufafions would suggesf a cumulative risk of 15% fo 30%.^^ In addi- 
tion, increased risk of ovarian cancer is presenf wifh mismafch repair 
gene defecfs observed in fhe Lynch fype II s 5 mdrome.^^ Vasen ef al. 
suggested an eightfold elevation in risk of ovarian cancer in women 
wifh HNPGC.^® While if is fempfing fo recommend OGs or prophy- 
lacfic surgical procedures fo fhese pafienfs, furfher sfudy is needed in 
fhe confexf of fhis s 5 mdrome before recommendations for fhese pre- 
ventive measures can be made. 

A decision analysis has been performed fo assess fhe effecfiveness 
of prophylacfic oophorecfomy in women wifh BRCAl mufafions. 
Schrag ef al. consfrucfed two h 5 qDothetical populations of women: one 
consisfing of women age 30 and fhe ofher consisfing of women age 60, 
bofh wifh BRCAl mufafions and undergoing oophorecfomy.^^ A po- 
fenfial benefif of up fo 1.7 years of life gained was observed in fhe mod- 
eled cohorf of women age 30. In addition, if appeared fhaf any bene- 
fif was minimal in women of age 60, and a delay of BSO of up fo 10 
years in fhe 30-year-old cohorf did nof decrease life expecfancy. When 
considering fhe risk of fhe procedure, a risk level appreciably lower 
fhan fhe risk of disease would be desirable. A sfudy by Elfabbakh ef 
al. examined 62 women undergoing BSO due fo family hisfory.^^ Two 
operative complications were noted (infraoperafive vascular compli- 
cation, posfoperafive bleeding), and no deafhs were reported. There- 
fore, in pafienfs wifh elevafed inherifed risk of ovarian carcinoma, if 
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seems reasonable to consider prophylactic oophorectomy after child- 
bearing is completed. Patients should also be aware of theoretical con- 
cerns regarding the survival benefit of undergoing prophylactic 
oophorectomy after age 60.^^ 

Patients undergoing prophylactic oophorectomy must be counseled 
that the reduction in risk of ovarian-t 5 ^e cancers is not absolute. Piver 
et al., in reviewing the Gilda Radner Familial Ovarian Cancer Registry, 
identified 324 women who had undergone prophylactic BSO.®° These 
authors identified six women (2%) who developed ovarian-t 5 ^e can- 
cer, either from a remnant segment of ovarian tissue or carcinoma of 
the peritoneal "field" 27 years after surgery. 

A substantial number of women undergoing prophylactic oophorec- 
tomy will have an occult cancer of the ovaries identified on histologi- 
cal review. In the combined series of Salazar and Deligdisch, 3 of 51 
patients undergoing prophylactic oophorectomy were found to have 
occult early ovarian cancers. In addition, a recent series published 
by Scheuer et al. identified two early-stage cancers of the ovary and 
fallopian tube, respectively, in 90 women undergoing prophylactic 
oophorectomy.®^ In addition, these authors reported the detection of 
three additional cases of early-stage cancer on preoperative screening 
in these high-risk individuals. A larger series is needed to confirm the 
true risk of occult cancer, however, as no early ovarian carcinomas were 
identified by Barakat et al. in 18 patients undergoing prophylactic 
oophorectomy.®^ This finding underscores the need for adequate com- 
munication with the pathologist and surgeon, as well as careful histo- 
logical examination using multiple sections of these ovarian specimens. 

More recently, two prospective investigations confirmed the effec- 
tiveness of risk reducing surgery in patients carrying BRCA gene mu- 
tations. In the report by Kauff et al., 1 case of ovarian cancer was sub- 
sequently diagnosed in 98 women undergoing BSO when compared 
to 4 ovarian cancers identified in 72 women not undergoing surgery 
after a median follow-up of 2 years.®® A significant reduction in the 
hazard ratio for development of breast cancer was also observed. Sim- 
ilarly, Rebbeck et al. also observed a protective benefit for subsequent 
development of both breast and ovarian cancer in BRCA mutation- 
positive individuals undergoing risk reducing bilateral salpingo- 
oophorectomy.®® These authors compared 259 women undergoing BSO 
with 292 matched controls. Six women (2.3%) were diagnosed with 
stage I ovarian cancer at the time of surgery. After a mean follow-up 
of 8.8 years, prophylactic oophorectomy significantly reduced to risk 
of development of ovarian cancer in these high-risk individuals (haz- 
ard ratio 0.04; 95% confidence interval 0.01 to 0.16). This important 
study offers the strongest evidence, to date, of the potential benefit of 
risk-reducing prophylactic oophorectomy in high-risk individuals. 

While not recommended as a sole procedure for prophylaxis against 
the development of ovarian cancer, retrospective reviews of women 
have noted decreased risk of developing ovarian cancer among women 
who had undergone tubal ligation.®®'®^"^^ This interesting finding sug- 
gests that limiting exposure of the ovary to environmental carcinogens 
can prevent the development of ovarian cancer. The ability of tubal lig- 
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ation to reduce the risk of ovarian cancer appears to be operative in 
individuals with BRCAl or BRCA2 mutations. Narod et al. compared 
232 BRCA-positive women with a history of ovarian cancer fo 232 
BRCA-positive confrol women.®® A history of fubal ligafion was asso- 
ciafed wifh a sfafisfically significanf reduction in risk by 63%. Depife 
fhe profecfive effecf of fubal ligafion, if would seem prudenf fo remove 
fhe adjacenf ovaries if laparoscopic surgery is confemplafed in women 
af elevafed risk due fo genefic fesfing or sfrong family hisfory of ovar- 
ian carcinoma. 



Other Gynecologic Malignancies 
Associated with Inherited Risk 

Endometrial Carcinoma 

Although endometrial carcinoma is the most common gynecologic ma- 
lignancy in the general population, it typically is not observed to be 
associated with elevated inherited risk in and of ifself. However, in 
women who inherif HNPCC-associafed germline mufafions, an in- 
creased risk of endomefrial cancer is observed. Endomefrial cancer is 
fhe second mosf common cancer idenfified in HNPCC individuals fol- 
lowing colon cancer.®® If is esfimafed fhaf women wifh HNPCC- 
associafed gene mufafions (mufafions of fhe MLHl and MSH2 genes) 
harbor a risk of endomefrial cancer of 60% by age 70 compared wifh 
2% in fhe general population.®® 

The MLH and MSH2 gene complexes are fhoughf fo play a role in 
mismafch repair.®^ When fhese genes are defective, increased mi- 
crosafellife insfabilify is observed and fhoughf fo be a precursor lesion 
fo fhe cancer cell phenof 5 ^e.®^ Microsafellife insfabilify has been ob- 
served in endomefrial carcinomas. 

In managing fhe pafienf wifh HNPCC-associafed mufafions, fhe 
practitioner should include in fhe evaluation annual fransvaginal ul- 
frasound and endomefrial biopsy begirming around fhe age of 30.®® In 
addition, if subfofal colecfomy is considered in fhe managemenf of an 
individual pafienf, considerafion can be given fo performing hysferec- 
fomy wifh or wifhouf salpingo-oophorecfomy af fhaf time.®® 

Cervical Carcinomas 

Gynecologic malignancies wifh increased inherited risk are exceed- 
ingly rare oufside of fhe scope of ovarian and endomefrial cancer. 
Peufz-Jehgers syndrome is an aufosomal dominanf S 5 mdrome where 
individuals are prone fo fhe developmenf of infesfinal pol 5 ^s and sub- 
sequenf malignancy of fhe gasfroinfesfinal fracf and pancreas. In ad- 
dition fo fhe associafion wifh ovarian sex cord sfromal fumors wifh an- 
nular fubules as mentioned previously, women affecfed wifh fhis 
syndrome are also af increased risk for adenoma malignum or mini- 
mal deviation adenocarcinoma (MDC) of fhe cervix.®®'®^ 

Hisfologically, MDC is characterized by cyfologically bland glands 
fhaf penefrafe fhe cervical sfroma fo a depfh nof f 5 q)ically encounfered. 
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Due to the deep involvement of the glands a cone biopsy is often in- 
dicated in the diagnostic management of this disorder. When diag- 
nosed, the treatment of MDC is radical hysterectomy, while radiation 
therapy is preferred in more advanced stage disease. 

Conclusions 

Tremendous progress will be made in the near future through advances 
in molecular biology and genetic testing. Further insights into genes 
that contribute to enhanced risk of gynecologic malignancies will be 
identified. This field, while exciting, is young, and a careful approach 
is encouraged in recommending interventions to this group of patients 
at high risk for ovarian cancer and other gynecologic malignancies. We 
would also encourage participation in well-designed clinical trials so 
that the true benefit of interventions can be determined. It is hoped 
through the careful analysis of risks and potential benefits of risk iden- 
tification and intervention, the management of this group of patients 
will rapidly improve. 
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Genetic Aspects of 
Urologic Malignancies 

Ramsey N. Chichakli and Jeffrey R. Gingrich 



Cancers of the urologic tract and male genital system account for ap- 
proximately 22.4% of all malignancies in the United States.^ Similar to 
other organ systems, familial predispositions to urologic malignancies 
have been well recognized for centuries. Through genetic studies of 
families with such predispositions and slow but steady progress char- 
acterizing the function of individual genes, as with other tumor t 5 ^es, 
the molecular basis for several urologic cancers is now becoming ap- 
parent. In this chapter, the current state of understanding concerning 
genetic predisposition and somatic mutations underlying prostate can- 
cer, bladder cancer, Wilms' tumor, renal cell carcinoma, and testicular 
cancer will be reviewed. The clinical significance regarding screening, 
diagnosis, and implications for therapeutic management clearly re- 
mains in its infancy at this time, as our understanding of these malig- 
nancies grows and the availability of genetic testing rapidly increases. 



Prostate Cancer 

Incidence 

Prostate cancer remains the most common malignancy in men other 
than skin cancer, accounting for 30% of male malignancies.^ The inci- 
dence in the United States is predicted to be 189,000 new cases per year 
in 2002 and is rising as the population ages. Consequently, it is esti- 
mated that one in six men will develop clinically apparent prostate can- 
cer in their lifetime. Overall, the median age at diagnosis is 72, although 
9% of all prostate cancer cases present in men less than 55. For unclear 
reasons, the age-adjusted incidence of prostate cancer per 100,000 
African Americans is 234 vs 147 for whites. A particularly high inci- 
dence of prostate cancer as well as familial aggregation has been noted 
in Jamaican men.^'^ African Americans are t 5 q)ically afflicted at an 
earlier age and in general have been thought to develop a more ag- 
gressive disease with poorer survival. However, more recent research 
has concluded that stage-for-stage prognosis for Caucasians and 
African Americans is more similar than previously anticipated. 
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although African Americans may be at increased risk of biochemical 
recurrence.^'^ 

Despite its high incidence, surprisingly little is actually known about 
the etiology of prostate cancer. Several risk factors including age, fam- 
ily history, race, dietary fat intake, and hormone exposure have been 
identified.® Nevertheless, a definitive genetic and cellular mechanism 
has yet to be determined and has been the focus of much research over 
the past two decades. As the mechanisms of carcinogenesis for other 
tumors have been elucidated, increasing efforts have been placed on 
unearthing similar pathways in the prostate. Several institutions have 
begun to identify families with an increased incidence of prostate can- 
cer to perform segregation and linkage studies. Because of its high over- 
all incidence, significant progress in identifying candidate regions or 
genes for increased prostate cancer has required a collaborative effort 
between several institutions. Together, these efforts have yielded many 
clues toward identifying a genetic predisposition for prostate cancer 
but continue to leave many persistent questions. 



Patterns of Inheritance 
Autosomal Dominance 

The initial indications that a genetic component might exist in the trans- 
mission of prostate cancer came with the discovery of familial cluster- 
ing of the disease. This was first reported in 1956, when Morganti et 
al. showed that relatives of patients with prostate cancer had a higher 
chance of contracting the disease vs controls with no afflicted relatives.^ 
Familial clustering was also noted through the Utah Mormon ge- 
nealogical database.® This increased risk was later confirmed in sev- 
eral other studies and quantified in two studies done in the early 1990s. 
A group of 385 patients in Texas with histologically confirmed adeno- 
carcinoma of the prostate were compared against a similar group of 
control patients looking for a significantly different family history.^ The 
affected patients were found to have a positive family history 13% of 
the time vs only 5.7% in the controls. The odds ratio for prostate can- 
cer in a man with an affected first degree relative therefore was calcu- 
lated to be 2.4. Similarly, Steinberg et al. reported that the relative risk 
of contracting prostate cancer increased as the number of affected first- 
degree relatives increased.^® More specifically, patients with two or 
three affected first-degree relatives were found to be 5 or 11 times, re- 
spectively, more likely to contract the disease themselves. 

Evidence of a genetic component to prostate cancer has also been 
seen in twin studies. Gronberg et al. reported the incidence of prostate 
cancer in 4,840 male twin pairs followed in an unselected Swedish pop- 
ulation.^^ Prostate cancer was diagnosed in 458 male twin pairs, with 
1.0% rate of monozygotic twins and 0.2% rate of dizygotic twins con- 
cordant for prostate cancer. Similarly, 1,009 cases of prostate cancer 
from a cohort of 31,848 veteran twins were identified by Page et al.^^ 
The concordance rate among monozygotic twins was 27.1% compared 
to 7.1% for dizygotic twins, again suggesting a genetic element for in- 
creased risk of developing prostate cancer. 
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With strong evidence for familial clusfering esfablished, fhe nexf sfep 
was fo ascerfain if a heredifary componenf for fhe developmenf of 
prosfafe cancer exisfed. This disfincfion was made fo specifically look 
for fhose families wifh prosfafe cancer fhaf demonsfrafed a mendelian 
paffem of disfribufionT^ To fesf for fhe exisfence of a mendelian paf- 
fem of inherifance, segregafion analysis was performed on families 
wifh probands who had early-onsef disease. The h 5 ^ofhesis was fhaf 
early disease onsef would be more associafed wifh a genefic or herifa- 
ble componenf. The landmark arficle in fhis area was published in 1992 
from Johns Hopkins Universify.^^ In fhis sfudy, 691 prosfafe cancer 
families were analyzed for fhe frequency and paffem of disfribufion of 
prosfafe cancer and evaluafed for various models of fransmission. 
These included fhe following five models: a sporadic model, where 
persons of fhe same age would have fhe same risk; an environmenfal 
model, where a nongenefically defermined risk would be accounfed 
for; and fhree Mendelian models, specifically aufosomal dominanf, 
aufosomal recessive, and codominanf. The model fhaf besf fif fheir dafa 
for familial clusfering of early onsef prosfafe cancer was fhaf of an au- 
fosomal-dominanf, highly penefranf allele. Eighfy-eighf percenf of pa- 
fienfs wifh fhis allele would be afflicfed wifh disease by age 85 vs 5% 
of men wifhouf fhe allele. Carfer ef al. esfimafed fhaf fhis herifable form 
of prosfafe cancer accounfs for 43% of early-onsef disease (<55 years) 
buf only 9% of all prosfafe cancer.^^ 

Three subsequenf sfudies have used similar approaches in differenf 
populafions fo affempf fo confirm Carfer ef al.'s resulfs.^^'^^'^^ All fhree 
groups found fhaf an aufosomal-dominanf model besf fif fheir dafa for 
fransmission of early onsef prosfafe cancer, alfhough fhere was some 
discrepancy in fhe degree of penefrance and fhe expecfed frequency 
of fhe allele. For insfance, fhe firsf of fhese confirmafory sfudies 
was drawn from over 5,000 Swedish men diagnosed wifh prosfafe 
cancer in fhe early 1960s. While fhe aufhors agreed fhaf an aufosomal- 
dominanf allele was mosf likely, a lower lifetime penefrance (0.63 vs 
0.88) and a higher frequency (0.0167 vs 0.0030) were esfimafed com- 
pared fo Carfer ef al.^^ Conversely, a recenf sfudy ouf of Washington 
Universify predicfed a higher lifetime penefrance, wifh 97% of allele 
carriers being afflicfed by fhe age of 85.^'^ The aufhors proposed fhaf 
fhis allele accounfs for as much as 65% of early-onsef prosfafe cancer 
(<55 years) buf only 8% of fofal disease. In summary, fhese sfudies 
have concluded fhaf an aufosomal dominanf, variably penefranf allele, 
is involved in fhe fransmission of befween 43% fo 65% of early-onsef 
prosfafe cancer cases buf <10% of overall cases. Genefic complexify, 
wifh mulfiple involved genes and a high number of phenocopies, likely 
accounfs for fhe disparify in numbers seen befween fhese various sfud- 
ies. Therefore, if is imporfanf fo inquire abouf prosfafe cancer from bofh 
fhe paternal and mafemal family hisfories. 

X-Linked Transmission 

Evidence for fransmission of an X-linked paffem of fransmission has 
also accumulafed over fhe pasf several years. This was firsf h 5 q)ofhe- 
sized affer fhe observation fhaf a fwofold greafer age-adjusfed relafive 
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risk existed for the contraction of prostate cancer in men with an af- 
fected brother vs men with an affected fatherd^ This difference in rel- 
ative risk therefore was attributed to a possible X-linked allele. How- 
ever, although this theory never actually disproved, rather than an 
X-linked allele some authors have attributed this increased risk to un- 
derreporting by the fathers, who were often without the benefit of early 
detection modalities such as prostate-specific antigen (PSA).^^ As will 
be seen, though, further strong evidence for an X-linked pattern of 
transmission has more recently become available. 

Age and Inheritance 

Similar to the number of affected relatives, the young age of affected 
relatives has been shown to increase the relative risk of developing 
prostate cancer. Carter et al. have shown that the lifetime risk of devel- 
oping prostate cancer for men with a relative who developed prostate 
cancer before the age of 53 is 40% while the risk is only 18% with a rel- 
ative who develops prostate cancer after the age of 65}^ Therefore, 
taken in combination, the father or brother of an affected 40-year-old 
male has a 2.6-fold relative risk of prostate cancer compared to a 10- 
to 11-fold increased risk if two first-degree relatives are affected. 

Prostate Cancer and Other Tumor Types 

Not only have individual cancers been noted to occur at increased fre- 
quency within families, but cancer S 5 mdromes in which several tumor 
types cluster within families have also been identified. Epidemiologi- 
cal studies have suggested a link between breast and prostate cancer 
for many years. In addition, case control studies have demonstrated 
an association between breast carcinoma and prostate carcinoma and 
possibly with endometrial and ovarian cancer. Upon further analy- 
sis, risk of prostate cancer did not appear to be modified by the pres- 
ence of breast cancer within a pedigree of prostate cancer.^° However, 
a statistically significant higher risk for central nervous system tumors 
was found (relative risk [RR], 3.02). Therefore, despite previously con- 
ceived associations, hereditary predisposition to prostate cancer ap- 
pears to be relatively site specific. 

In summary, prostate cancer has definitely been shown to cluster in 
families and demonstrate an autosomal-dominant pattern of inheri- 
tance as well as an X-linked pattern of transmission. In addition, the 
closer the genetic similarities between an individual and an affected 
relative (e.g., father and son vs an uncle), the greater the risk of de- 
veloping prostate cancer. Overall, approximately 9% of prostate can- 
cer has been estimated to be hereditary. 

Potential Alleles 

To identify the specific gene or genes that may be involved in the trans- 
mission of early-onset prostate cancer, researchers have focused on 
families with particularly high numbers of affected individuals. Sixty- 
six families with at least three cases of prostate cancer among first- 
degree relatives were identified at Johns Hopkins Hospital.^^ The av- 
erage age at diagnosis in these families was 65. An analysis of these 




R.N. Chichakli and J.R. Gingrich 



209 



families was performed ufilizing 341 dinucleofide repeaf markers wifh 
an approximafe lOcM resolufion. Linkage analysis was fhen performed, 
identifying several regions wifh genetic load scores suggesting link- 
age. The highesf load score (2.75) was for marker D1S218, which maps 
fo fhe long arm of chromosome 1 (lq24—25). The aufhors designafed 
fhis locus as heredifary prosfafe cancer 1 (HPCl), estimating fhaf as 
many as 34% of herifable prosfafe cancer cases were linked fo fhis lo- 
cus. Ofher regions from fhis analysis wifh load scores >1 were lq33-34, 
4q26-27, 5pl2-13, 13q31-33, and Xq27-28. To furfher define fhe loca- 
fion of HPCl, linkage of fhe lq24—25 region has been invesfigafed in 
121 Norfh American heredifary prosfafe cancer families ufilizing a sef 
of markers wifh higher resolufion.^^ The peak load score was 4.27 af 
marker D1S2138 buf over a broad region. Therefore, subsef analyses 
have been performed fhaf suggesf fhaf: (1) 35% of fhe families dem- 
onsfrafed highly significanf linkage fo fhis region (load score 5.41), 
while fhe remaining families did nor; (2) evidence for linkage fo fhis 
region was highesf in families wifh five or more affecfed family mem- 
bers; and (3) linkage fo fhis region was highesf in families wifh ap- 
parenf male-fo-male fransmission. 

Independenf investigators have bofh confirmed and failed fo con- 
firm HPCl as a suscepfibilify locus for prosfafe cancer. Cooney ef al. 
reported linkage fo lq24—25 in 59 prosfafe cancer families, each wifh 2 
or more affecfed individuals,^^ Hsieh ef al. in 92 unrelafed families,^^ 
and Neuhausen in 44 large pedigrees in Ufah.^^ However, fhree ofher 
groups have nof found linkage fo HPCl in fheir populafions.^^"^® The 
reason for disparify befween analyses has been affribufed fo several 
facfors including genefic locus heferogeneify, fhe number of men 
wifhin families, fheir age of diagnosis, and fhe variabilify of male-fo- 
male fransmission. To increase fhe power fo confirm or disprove link- 
age fo fhe HPCl locus, fhe Infemafional Consorfium for Prosfafe Can- 
cer Genetics, including invesfigafors from Norfh America, Ausfralia, 
Finland, Norway, Sweden, and fhe Unifed Kingdom, performed a com- 
bined analysis of 772 heredifary prosfafe cancer families ufilizing six 
markers in fhe lq24—25 region.^® Overall, fhere was confirmation of 
some linkage fo D1S212; however, if was primarily in fhe subsef of 
families wifh mulfiple family members affecfed af an early age and 
wifh male-fo-male fransmission. 

Alfhough region lq24—25 of chromosome 1 has probably received 
fhe mosf intense invesfigafion for a prosfafe cancer suscepfibilify lo- 
cus, numerous groups have presenfed evidence for a variefy of ofher 
suscepfibilify loci in ofher regions of chromosome 1. This has nof been 
unexpecfed considering fhaf prosfafe cancer remains a heterogeneous 
fumor f 5 ^e wifh variable clinical significance and rafes of progression. 
A French sfudy idenfified a differenf region on fhe long arm of chro- 
mosome 1 af lq42.2-43, which has been designafed PCaP?^ Several 
genes have been mapped fo fhis region, which lends credence fo fhe 
argumenf for a suscepfibilify locus. The mosf nofable of fhese are 
PCTAl, a member of fhe galecfin family fhaf has been implicafed in 
fumor genesis and mefasfasis,^^ poly (adenosine diphosphate [ADP]- 
ribose) polymerase, which has been implicafed in lung cancer,^^ and 
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RAB4, a guanosine triphosphate (GTP)-binding protein.^^ In addition, 
region lp36 has been implicated and a gene locus designated CAPB.^ 
Subset analysis of families wifh linkage fo lp36 in fhis sfudy demon- 
sfrafed an associafion befween prosfafe cancer and brain cancer, lead- 
ing fo fhe h 5 ^ofhesis fhaf fhis region confains a general fumor sup- 
pressor gene, fhe loss of which predisposed fo bofh prosfafe and brain 
cancer. 

Evidence for an X-linked suscepfibilify fo prosfafe cancer has been pro- 
posed as ouflined above. In fhe original sfudy by Smifh ef al. proposing 
linkage fo fhe HPCl locus, fhe X chromosome region q27-28 was also 
implicafed.^^ Subsequenfly, analysis of 360 prosfafe cancer families in 
Norfh America, Finland, and Sweden confirmed linkage and designafed 
fhis as heredifary prosfafe cancer X (HPCX).^^ In a confirmafory sfudy, 
a group of 153 unrelafed families was analyzed utilizing seven markers 
spanning fhe proposed HPCX region.^^ Alfhough fhe level of signifi- 
cance was nof high, additional supporf for an X-linked predisposition 
fo prosfafe cancer was observed. Alfhough fhe androgen receptor gene 
is located on fhe X chromosome and would be a likely candidate fo dem- 
onsfrafe linkage, if is remote from fhis region. Consequenfly, no specific 
genes have been identified af fhe HPCX locus yef. 

Ofher sfudies suggested linkage fo regions of several ofher chromo- 
somes including chromosome 20. Berry ef al. proposed a heredifary 
prosfafe cancer 20 locus (HPC20) af 20ql3?'^ A locus on chromosome 
17 designafed heredifary prosfafe cancer 2 (HPC2) has also been iden- 
fified.^®'^^ More recenfly, chromosome 8p, which has been implicafed 
in fhe developmenf of prosfafe cancer for many years, has shown link- 
age af 8p22-23.^° 

In summary, fhere have been, fo dafe, seven prosfafe cancer sus- 
cepfibilify loci idenfified by linkage analysis: HPCl, HPC2, HPCX, 
HPC20, CAPB, PCaP, and 8p22-23. None of fhese loci has been uni- 
formly accepfed, and confroversy continues as fo fhe imporfance of 
potential genes located af each locus. The frue percenfage of cases 
fhaf can be affribufed fo each is also undefermined, buf if has been 
speculafed fhaf fhe sum of fhese loci may accounf for a mere one fhird 
of fhe fofal herifable cases. This furfher emphasizes fhaf fhe etiology 
of prosfafe cancer is complex, wifh a myriad of facfors, bofh genefic 
and environmenfal, likely confribufing fo ifs developmenf and 
fransmission. 



Specific Alleles 

Androgen Receptor and Androgen Action 

Polymorphisms of fhe androgen recepfor have been reported fo play 
a confribufing role fo fhe developmenf of prosfafe cancer. Polymorphic 
friplef sequences in exon 1 of fhe androgen recepfor code eifher for 
polyglufamine (CAG) or polyglycine (GGN) repeals of variable lengfh. 
The lengfh of fhe polyglufamine repeal region has been shown fo in- 
versely correlate wifh fhe franscripfional response of androgen regu- 
lafed genes. Sfudies fo invesfigafe pofenfial correlafions befween 
variable friplef repeal regions and prosfafe cancer risk demonsfrafed 
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that African American populations, who have increased risk of prosfafe 
cancer development have shorfer glufamine repeal regionsd^^^ How- 
ever, several sfudies failed fo observe a similar correlafion; fherefore, 
fhese sfudies have nof been enfirely conclusive. A more recenf reporf 
evaluafing 159 heredifary prosfafe cancer probands, 245 sporadic 
prosfafe cancer cases, and 211 unaffecfed confrols has concluded fhaf 
variation in GGC repeals rafher fhan GAG repeals was primarily re- 
sponsible for increased prosfafe cancer risk.^^ 

More recenfly, polymorphisms of genes involved in androgen me- 
fabolism have been implicafed in suscepfibilify fo prosfafe cancer. 3/8- 
hydroxysferoid dehydrogenases (HSD3Bs) are involved in fhe pro- 
ducfion of androsfenedione and conversion of dihydrofesfosferone info 
inactive mefabolifes. The fwo genes in fhe HSD3B family map fo chro- 
mosome lpl3, which has shown linkage for prosfafe cancer suscepfi- 
bilify.^°'^® Men wifh varianf genol 5 ^es af eifher B1-N367T or B2-c7519g 
were found fo have a significanfly higher risk of developing heredi- 
fary prosfafe cancer. Furfher, if was defermined fhaf prosfafe cancer 
probands whose families provided fhe primary evidence of linkage fo 
lpl3 demonsfrafed varianf genol 5 ^es. Similarly, polymorphisms in fhe 
CYP17 gene fhaf encodes cytochrome P-450cl7o:, which is also involved 
in fhe androgen S 5 mfhesis pafhway, may modulafe suscepfibilify fo 
prosfafe cancer.^^"^^ 

BRCAl and BRCA2 

As nofed above, epidemiological sfudies suggesfed a link between 
prosfafe and breasf cancer for many years. Since fheir idenfificafion, 
several sfudies demonsfrafed an increased risk of prosfafe cancer in as- 
sociation carriers of mufafions in BRCAl and Several ofher 

sfudies have nof been as supportive of a sfrong associafion between 
BRCAl and BRCA2 mutations and the development of prosfafe cancer. 
Therefore, alfhough mufafions appear fo confribufe fo fhe developmenf 
of early onsef prosfafe cancer, a complefe undersfanding of fhe con- 
fribufion remains fo be delineafed. 

Other Alleles 

As genes wifh significanf numbers of mufafions or abnormalifies of ex- 
pression in prosfafe cancer are identified, characferizafion of individ- 
ual variation in alleles may yield information regarding possible 
germline fransmission of prosfafe cancer suscepfibilify. For example, 
inactivation of fhe fumor suppressor PTEN/MMACl in advanced 
prosfafe cancer has been demonsfrafed in af leasf 50% of cases.^^ How- 
ever, fhis has nof been affribufed fo herifable gene mufafions, dele- 
fions, or polymorphisms.^TSS Puture idenfificafion of ofher somafic 
genes wifh frequenf alferafions in expression during prosfafe cancer 
inifiafion or progression may be shown fo be significanf herifable fac- 
fors fhrough linkage analysis. 

Clinical Implications 

Significant progress has been made in genetically confirming previous 
clinical impressions fhaf some families are af increased risk for fhe de- 
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velopment of prostate cancer. It has now been well established that fa- 
milial clustering does exist, and that primary relatives of prostate can- 
cer patients are at greater risk of developing prostate cancer themselves 
than the general population. In general, approximately 25% of men are 
expected to have a known family history of prostate cancer. However, 
one should be aware that family history of prostate cancer may be in- 
correct as much as 14% of the time.^® Through studies of well charac- 
terized patient populations, hereditary prostate cancer is estimated to 
account for 43% of men who are diagnosed at age <55, 34% of men 
<70, and only 9% of men diagnosed under 85.^° 

Although still controversial, prostate cancer screening is in general 
recommended for men after reaching the age of 50 and potentially ear- 
lier if an individual has a significant family history of prostate cancer 
or is African American.^° This practice would seem advisable to hope- 
fully detect tumors at an early age, at their earliest stage, when they 
should have the highest likelihood of cure. This concept is already in 
practice in breast cancer families with a known predisposing BRCAl 
allele. However, it is interesting to note that men with hereditary 
prostate cancer have in general been found to develop prostate tumors 
that are moderately well differentiated and of no greater biologic po- 
tential than sporadic prostate cancer As specific genes within cur- 
rent candidate loci are identified and characterized, it will potentially 
be possible to screen populations for genot 5 ^es leading to more bio- 
logically aggressive prostate cancers who may benefit most from fo- 
cused chemoprevention or early treatment options. 

Wilms' Tumor (Nephroblastoma) 

Incidence 

Wilms' tumor is named for Max Wilms, who characterized features of 
the malignancy in 1899. In the years subsequent, Wilms' has been one 
of the most well-studied tumors and has provided invaluable infor- 
mation about the genetic mechanisms of carcinogenesis. While its over- 
all incidence is relatively rare, Wilms' is the most common malignancy 
in children less than age 15. In fact, it accounts for 8% of all pediatric 
solid tumors and 80% of pediatric genitourinary malignancies. There 
are approximately 450 cases diagnosed in the United States per year. 
The male to female ratio is essentially equal, and the average age of 
diagnosis is between 3 and 

Patterns of Inheritance 

The first attempts to explain the transmission of Wilms' tumor were 
made by Knudson in the early 1970s. In 1971, Knudson proposed a 
"two-hit h 5 q)othesis" as a potential mechanism for tumor genesis.^^ He 
suggested that the loss of both alleles of a tumor suppressor gene would 
lead to the development of cancer. He used retinoblastoma in his orig- 
inal model. His theory stated that individuals with familial disease in- 
herited a defective gene, leaving them with only one functional allele. 




R.N. Chichakli and J.R. Gingrich 



213 



A somatic mutation would then occur as a random event during nor- 
mal cell proliferation. The cell would then be left with no functioning 
protein product from fhe fumor suppressor gene. The resulf would be 
unregulafed cell division, overproliferafion, and evenfually fumor for- 
mation. These pafienfs would have earlier age of onsef and frequenf 
bilaferalify. Knudson wenf on fo say fhaf nonfamilial cases were sec- 
ondary fo two spontaneous random mutations, a much less frequent 
event, within the same cell. This explained why these patients had only 
a single, unilateral tumor and a later age of onsef. 

Knudson affempfed fo apply fhis principle fo Wilms' fumors. He 
sfudied published reporfs of familial cases as well as 97 cases freafed 
af his own insfifufion.^^ He found fhaf indeed fhe incidence of bilaf- 
eral fumors was higher in familial cases, 21% vs 5% fo 10%. He also 
found fhaf familial cases had an earlier age of onsef, 2 years vs 3 fo 4. 
By assuming fhaf all bilaferal as well as a percenfage of unilaferal cases 
were secondary fo an inherifed componenf, Knudson calculafed fhaf 
familial cases comprised more fhan one fhird of fhe fofal case number. 
Subsequenf epidemiological sfudies of Wilms' fumor pafienfs have 
shown fhaf familial cases are acfually more rare, comprising only 1% 
fo 2.4%.^®'^^ These observations suggesfed fhaf fhe genefic fransmis- 
sion of Wilms' fumor was more complex fhan refinoblasfoma and likely 
involved multiple genes. 



Associated Abnormalities 

Early on, it was recognized that Wilms' tumor is associated with var- 
ious organ system anomalies. The most prevalent of fhese include 
aniridia (1.1%), hemihyperfrophy (2.9%), genitourinary abnormalifies 
(4.4%), and musculoskelefal anomalies (2.9%).®^ Common combina- 
fions of fhese anomalies have subsequenfly been clustered info child- 
hood syndromes. The sfudy of children wifh fhese syndromes provided 
fhe inifial evidence toward fhe genefic efiology of fhe disease. 

In 1964 Miller ef al. examined 440 children wifh Wilms' fumors and 
found 6 wifh aniridia, 5 of whom had concomifanf menfal refardafion 
or microcephaly.^^ The aufhors calculafed an aniridia rate of 1 in 73 vs 
fhe expecfed rafe of 1 in 50,000. In addifion, children wifh aniridia were 
diagnosed wifh Wilms' fumor af an earlier age. Ofher abnormalifies 
nofed included 34 children wifh various genitourinary anomalies in- 
cluding h 5 q)ospadias, cr 5 q)forchidism, horseshoe kidney, ureferal du- 
plication, and dysplasfic kidneys, and 7 children wifh eifher pigmenfed 
nevi or hemihyperfrophy. WAGR S 5 mdrome was lafer coined fo in- 
clude Wilms' fumor, aniridia, genitourinary malformafions, and men- 
fal refardafion.^^ 

A second S 5 mdrome was described in 1969 by pediafric pafhologisf 
Bruce Beckwifh, who reported on six cases of neonafal deafh. Aufopsy 
examinafion of fhe infanfs revealed macroglossia, omphalocele, vis- 
ceromegaly, hemih 5 q)erfrophy, and renal medullary dysplasia. A 
shorf time earlier, a second researcher named Wiedemann reporfed 
similar findings in fhree siblings of consanguineous parenfs.^^ 
This combinafion of findings was fherefore named fhe Beckwifh- 
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Wiedemann S 5 mdrome. It is now known that Beckwith-Wiedemann 
consists of visceromegaly of fhe liver, kidneys, adrenals, pancreas, 
and gonads, as well as frequenf macroglossia, omphalocele, hemi- 
hyperfrophy, and refardafion. Tumors, including Wilms', are seen in 
approximafely 10% of fhe cases/^ While mosf cases of Beckwifh- 
Wiedemarm are sporadic, approximafely 15% are familial wifh an ap- 
parenf aufosomal dominanf fransmission/® 

A fhird syndrome was subsequenfly described independenfly by fwo 
differenf invesfigafors and named Denys-Drash S 5 mdrome affer ifs 
discoverers 7^'^^ Findings of fhis syndrome include Wilms' fumor, 
pseudohermaphrodifism, hyperfension, and degenerafive renal dis- 
ease. Denys-Drash is overall a rare disorder, wifh only abouf 150 cases 
reporfed in fhe liferafure. The morfalify of fhe S 5 mdrome is severe, mosf 
fypically from end-sfage renal disease.^® 



Specific Alleles 
llpl3 (WTl) 

Sfudies of pafienfs affecfed wifh fhe WAGR s 5 mdrome provided fhe 
initial evidence for localization of Wilms' fumor gene 1 (WTl). In 1978 
Riccardi ef al. conducfed chromosome analysis on fhree WAGR pa- 
fienfs. In each case, an llpl3 deletion was defecfed.^^ Subsequenf im- 
provemenfs in gene cloning fechnology permitted fhe isolafion of fhe 
WTl gene wifhin fhe llpl3 locus. Gharacferizafion of fhe gene re- 
vealed 10 exons fhaf undergo alfemafive splicing during franscrip- 
fion.®^ The predominanf splice form encodes a profein producf con- 
faining four zinc finger domains wifh significanf homology fo known 
franscripfional regulators EGRl and EGR2.^^’^^ These findings sug- 
gested fhaf WTl mighf serve as a fumor suppressor gene, fhe loss of 
which would resulf in unregulated cell proliferation. This was lafer 
subsfanfiafed fhrough a series of in vifro experimenfs fhaf demon- 
sfrafed a suppression of growfh-sfimulafing genes by high levels of 
WTl .65 

Having demonsfrafed a role for WTl in WAGR S 5 mdrome, researchers 
nexf examined Denys-Drash pafienfs for delefions or mufafions. Greater 
fhan 95% of children wifh fhis syndrome were defermined fo harbor a 
WTl mufafion.63 The majorify of fhese were poinf mufafions wifhin 
fhe zinc finger coding region.®5'84 Currenf fumor models propose fhaf 
fhe mufafed allele produces a "dominanf-negafive" profein fhaf pre- 
venfs acfivify of fhe wild-f 5 q)e allele profein, effecfively inacfivafing fhe 
normal zinc finger profein and leading fo aberranf cell proliferafion.6^'65 

These findings implicated mufafions in WTl as fhe etiology for 
WAGR and Denys-Drash S 5 mdromes. Kreidberg ef al. provided furfher 
evidence for fhis by demonsfrafing fhaf WTl is critical for early uro- 
genifal developmenf.®^ Buf, because fhese s 5 mdromes accounf for less 
fhan 10% of fofal Wilms'cases, sporadic fumors required additional 
analysis. WTl mufafions were found in only 5% fo 10% of sporadic 
cases. ^ clear indication fhaf ofher genefic efiologies musf 
be involved in Wilms' fumor developmenf, fhereby requiring furfher 
invesfigafion. 
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llpl5 (WT2) 

Shortly thereafter, a second locus involved in the development of 
Wilms' fumor was identified. Chromosome analysis on sporadic 
Wilms' fumors revealed significanf loss of heferozygosify in a number 
of fumors af llpl5, wifh no loss nofed af fhe llpl3 locus. From fhis if 
was h 5 ^ofhesized fhaf a second fumor suppressor gene mighf reside 
af fhe llplS locus. A pufafive gene wifhin fhis locus was designafed 
Wilms' fumor 2 (WT2).®^'®® Concurrenf sfudies were also being done 
af fhis time wifh familial Beckwifh-Wiedemarm families. Linkage anal- 
ysis of fhese families revealed significanf linkage fo fhe llpl5.5 lo- 
cus. If was nof known af fhaf time if a single gene af fhis locus con- 
frolled fhe developmenf of bofh Beckwifh-Wiedemarm syndrome and 
Wilms' fumor or if separafe unrelafed genes exisfed. 

Through fhe efforfs of several investigative groups, fhree candidafe 
genes have been cloned wifhin fhe llplS locus. The firsf was insulin- 
like growfh facfor II (IGFII), an embryonal growfh factor fhaf induces 
cell proliferation. IGFII is an imprinted gene wifh only fhe paternal al- 
lele being expressed in humans. Expression of IGFII has been shown fo 
be markedly increased in Wilms' fumors relafive fo adulf fissues.®^ The 
overexpression has been affribufed fo eifher relaxation of imprinting or 
loss of fhe maternal allele and paternal duplication.®^ The second gene, 
H19, also displays imprinting buf wifh expression of only fhe maternal 
allele. H19 has been experimenfally fransfecfed info fumor cells and 
shown fo cause growfh refardafion. For fhis reason, if has been impli- 
cated as a fumor suppressor gene.®^ Loss of funcfion of H19 may be sec- 
ondary fo eifher loss of heferozygosify (LOH) or hypermefhylafion of 
fhe mafemal allele.®^ The fhird gene, KIP2, has also demonsfrafed pa- 
ternal imprinting. KIP2 is a cyclin-dependenf kinase inhibitor involved 
in cell cycle regulation. Expression of KIP2 has been shown fo be de- 
creased in Wilms' fumor cells relafive fo adulf tissues. ®^'®^ 

The inferplay of fhese genes in fhe developmenf of Wilms' fumor 
and Beckwifh-Wiedemann S 5 mdrome still remains unclear. Loss of H19 
and overexpression of IGFII may be required fogefher, independenfly, 
or nof af all. Ofher currenfly unknown genes may be involved as well. 
Furfher research is required fo definifively esfablish how fhese genes 
are involved in fhe efiology of fhese disorders. 



Potential Alleles 

In addition to the loci identified on chromosome 11, evidence for ofher 
loci involved in Wilms' fumor developmenf exisfs as well. For insfance, 
linkage analysis of fwo pedigrees wifh familial Wilms' fumors dem- 
onsfrafed no linkage fo eifher WTl or WT2, implicafing fhe probable 
exisfence of a fhird locus. ®^ Candidafe chromosomes for fhis locus in- 
clude 16q, 7p, and 17p. 

The long arm of chromosome 16 gained inifial inferesf in 1992, when 
Maw ef al. demonsfrafed LOH on 16q in 9 of 45 sporadic fumors.®^ A 
follow-up sfudy confirmed fhe association and also nofed fhaf fhose 
fumors wifh 16q LOH had a 3.3 fimes higher relapse rate and a 12 times 
higher morfalify.®^ For fhis reason some aufhors proposed fhaf 16q may 
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harbor genes involved with tumor progression rather than initiation.^^ 
Miozzo et al. examined 11 sporadic tumors and found a significant 
number of LOH on chromosome 7p. Of fhese 11, one had a re- 
arrangemenf af 7pl5.5. This provoked fhe aufhors fo implicafe fhaf re- 
gion as a pofenfial fumor suppressor gene.®® Linkage has also been 
demonsfrafed for a familial gene on chromosome 19q, alfhough fhis 
presence has nof been confirmed in all sfudies.®®'^°® 

Finally, fhe p53 gene on chromosome 17p has been implicafed in 
Wilms' fumor developmenf as well. This is nof surprising, as p53 is 
known fo be involved in multiple neoplasms including breasf and colon 
cancer. Utilizing polymerase chain reacfion, Malkin ef al. identified fwo 
mufafions wifhin fhe coding region of p53 in 21 fumors. The fwo fu- 
mors were bofh advanced in sfage, leading fo fhe conclusion fhaf a re- 
lafionship befween p53 abnormalities and fumor severify may exisf.^°^ 
Furfher evidence for fhis was provided by Bardeesy ef al., who found 
p53 mufafions in 8 of 11 anaplastic Wilms' fumors, a known varianf 
wifh a poor prognosis. 

In summary, Wilms' fumor is a genefically complex disease wifh 
mulfiple facfors and loci confribufing fo ifs developmenf. WTl appears 
fo be involved in fhe majorify of Wilms' fumor cases associafed wifh 
anomalies of fhe genitourinary fracf, as seen in WAGR and Denys- 
Drash S 5 mdromes. Overall, fhough, WTl mufafions are seen in less fhan 
10% fo 20% of all cases. WT2 has been implicafed as a region confrol- 
ling nof only Wilms' fumor developmenf buf Beckwifh-Wiedemann 
S 5 mdrome as well. Three genes have been isolated af WT2, all of which 
may be involved in carcinogenesis eifher fhrough overexpression or 
inactivation. In addition, evidence exisfs for fhe involvemenf of sev- 
eral ofher loci. One or more of fhese may be involved in confrolling fu- 
mor progression and severify. 

Clinical Implications 

The information gained from research in Wilms' fumor may ulfimafely 
be applied fo clinical screening practices. However, af fhis fime if is 
probably nof advanfageous fo screen siblings of affecfed children, as 
fhe familial incidence is so low. However, children wifh morphologi- 
cal abnormalities or genifourinary anomalies should be wafched 
closely. A history of WAGR, Beckwifh-Wiedemann, Denys-Drash, or 
even sporadic aniridia should raise a parficularly high index of suspi- 
cion. Pafienfs wifh Wilms' fumor-associafed syndromes should have 
regular physical examinations and probably renal ulfrasounds every 3 
fo 6 monfhs unfil age 7^3,104 screening for lip deletions may be con- 
sidered, buf fhe clinical ufilify and implications remain in evolufion. 

Renal Cell Carcinoma 

Incidence 

Renal cell carcinoma is fhe mosf common renal malignancy and ac- 
counfs for approximately 3% of all cancers. There are roughly 28,000 
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new cases per year in the United States and 11,000 renal cell-related 
deaths per year. Renal cell carcinoma most classically afflicts adult, 
male, urban dwelling patients. There is a 2:1 male to female sex 
predilection. The f 5 ^ical age of onsef is 60 fo 70, alfhough fhere is a 
subpopulafion fhaf develops earlier onsef disease, usually befween age 
40 fo 50.^°^ The incidence of renal cell carcinoma has been increasing 
af a rafe of 3% a year in Norfh America and Europe, in particular wifhin 
fhe African American populafion.^°® Esfablished risk facfors for fhe 
confracfion of renal cell carcinoma include cigarette smoking, obesify, 
hyperfension or anfihyperfensive medicafions, and a dief low in fruif 
and vegefables.^^^ Eamily hisfory is a suspecfed risk facfor as cases of 
familial clusfering have been reporfed. Many of fhese families wifh 
mulfiple affecfed members are known fo have Von Hippel-Lindau dis- 
ease (VHL), of which early-onsef renal cell carcinoma is a well-known 
componenf . Buf, in addifion, cases of familial clusfering have been well 
documenfed in non-VHL families. If is fhese families, as well as fhose 
wifh VHL, who have provided informafion and evidence leading fo 
isolation of genetic componenfs involved in renal cell carcinoma de- 
velopmenf. 



Specific Alleles 
3pl4-pl2 Loci 

The firsf cancer family fo be well sfudied was in 1979 af fhe Harvard 
Medical Cenfer in Bosfon.^°^ Ten members in fhree successive genera- 
fions were afflicfed wifh renal cell carcinoma. The cancer occurred af 
an early age (average 46 years) and was bilaferal in 6 of fhe 10 pafienfs. 
There was no evidence for VHL. Karyofype analysis of peripheral 
leukocyfes was done on 22 adulf members of fhis family. Of fhese 22, 
8 had documenfed renal cell carcinoma eifher from aufopsy analysis 
or surgical specimen. Karyofyping was nof done on fhe 2 ofher affecfed 
family members. Of fhese 22 pafienfs, 10 were found fo have a bal- 
anced reciprocal franslocafion befween chromosomes 3 and 8. In ad- 
difion, fhe franslocafion was assigned fo 4 deceased relafives based on 
pedigree analysis. All 8 of fhe affecfed family members had fhe franslo- 
cafion. The remaining 4 living members wifh fhe franslocafion buf 
wifhouf evidence of disease were all under age 35, younger fhan fhe 
expecfed fime of onsef of disease. Erom fhese observafions fhe aufhors 
concluded fhaf fhe presence of fhis franslocafion conferred an 87% risk 
of developing renal cell carcinoma by age 59. A second group of in- 
vesfigafors lafer looked af fhis same family and did banding analysis 
of franslocafions. Breakpoinfs were found af 3pl4.2 and 8q24.1}^^ These 
sfudies provided sfrong evidence foward fhe exisfence of a renal cell 
carcinoma gene af one of fhese two loci. 

Multiple studies in subsequent years contributed increasing evidence 
that the gene or genes of inferesf were locafed on fhe shorf arm of chro- 
mosome 3. Of fhese sfudies, group of German invesfigafors conducfed 
fhe largesf two. Kovacs et al. cytogenetically analyzed tissue from spo- 
radic, nonheredifary renal cell carcinomas. Befween 86% fo 88% 
of fumors were found fo confain some abnormalify of chromosome 
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3p, either a deletion, nonreciprocal translocation, monosomy, or loss of 
the short arm of fhe chromosome. These resulfs supporfed a h)^ofhe- 
sis fhaf a recessive "cancer gene" resided on fhe shorf arm of chromo- 
some 3. 

This fheory was lafer fesfed in vifro by a Japanese group fhaf frans- 
ferred a line of renal carcinoma cells an infacf 3p chromosome. The 
cells were fhen infroduced info a population of nude mice and fheir 
growfh characferisfics observed. Chromosome 3p expression led fo 
suppression of fumorigenicify and a decreased fumor growfh rafe vs 
confrols. This experimenf was lafer repeafed using fragmenfs of chro- 
mosome 3. This localized fhe suppressive region fo fhe chromosome 
3pl4-pl2}^^ 

As cloning fechnologies improved over fhe nexf several years, closer 
analysis of fhis locus became possible and several pufafive fumor sup- 
pressor genes were localized. A Japanese group idenfified fhe fragile 
histidine friad {FHIT) gene, which sparmed fhe previously isolafed 
breakpoinf 3pl4.2 and was found fo be abnormal in several fumor cell 
lines. A second gene, wntSa, was also mapped fo fhis region and 
found fo cause in vifro growfh suppression when fransfecfed info hu- 
man renal carcinoma cells. Finally, fwo narrow loci, NRCl and 
NRC2, were idenfified and believed fo be independenf of fhe afore- 
menfioned genes. These loci have also demonsfrafed growfh suppres- 
sion in vifro, buf specific genes have nof yef been idenfified. The 
exacf role of fhese genes, if any, in renal carcinogenesis is nof yef fully 
elucidafed. 

Von-Hippel-Lindau Disease — 3p25 

In addition fo fhese sfudies, ofher invesfigafive groups were concomi- 
fanfly looking af families afflicfed wifh VHL, which is an aufosomal- 
dominanf disorder. Expecfed changes include renal cell carcinomas, 
refinal angiomas, cerebellar hemangioblasfomas, pheochromocyfomas, 
and cystic lesions affecfing fhe pancreas, kidney, and epididymis. 
Presenfafion of fhe disease varies widely from pafienf fo pafienf and 
may include all manifesfafions or only a single lesion. The mosf fre- 
quenfly used clinical criferia require a single lesion and a documenfed 
family history fo assign fhe diagnosis of VHL.^^® Approximafely 25% 
of VHL pafienfs develop renal cell carcinoma by age 38. The cancer- 
ous lesions in fhese pafienfs are fypically bilaferal, mulfifocal, and of 
early onsef.^^® For fhese reasons fhe genetic mechanisms involved in 
fhe fransmission of VHL were of greaf inferesf fo fhose sfudying fhe 
general etiology of renal cell carcinoma. 

In 1988, fhe VHL gene was firsf mapped fo fhe shorf arm of chro- 
mosome 3.^^° Soon after, linkage analysis wifh multiple markers spe- 
cific for 3p localized fhe VHL gene fo 3p25-p26 and fhen specifically fo 
3p25. While fhis locus was in close proximify fo fhe previously dis- 
covered region af 3pl4-p21, fhey were in facf fwo separafe and disfincf 
enfifies.^^®'^^^ The gene and ifs profein producf from fhis region were 
soon isolafed and dubbed fhe VHL fumor suppressor gene.^^^ The pro- 
fein was found fo bind fo a cellular franscripfion facfor and inhibif fran- 
scripfional acfivify in vifro. If was af fhis poinf hypofhesized fhaf 
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the VHL locus contained a distinct tumor suppressor gene, the loss of 
which led to the development of renal cell carcinoma. 

To fesf fhis fheory, fhe "two-hif hypofhesis" proposed by Knudson 
discussed above was applied. If fhe VHL gene were indeed a fumor 
suppressor gene, fhen a high rafe of mufafion and LOH would be ex- 
pecfed wifhin fumor cells. This rafe was quantified in primary sporadic 
renal cell carcinomas by two independenf invesfigafors. The sfudies 
yielded similar resulfs, finding LOH of fhe VHL gene in 84% and 98% 
of cases and somafic mufafions wifhin VHL in 56% and 57% of 
cases. ^^^426 pj-jg aufhors proposed fhaf fhe number of mufafions mighf 
acfually be an underesfimafion as fhe entire gene sequence was nof 
available fo fhem af fhe fime of analysis. These changes were found only 
in fhe clear cell fype of renal carcinoma. None of fhe ofher f 5 p>es (gran- 
ular cell, fubulopapillary, sarcomafoid, or chromophobe) were found fo 
have VHL mufafions. The aufhors fherefore concluded from fhese re- 
sulfs fhaf loss of fhe VHL fumor suppressor gene was a key sfep in fhe 
developmenf of bofh familial and sporadic clear cell renal carcinoma. 

Candidate Alleles 
3p21-p22 

In addition to the two regions mentioned above, evidence has also im- 
plicated a third region on chromosome 3p in the development of renal 
cell carcinoma. A Japanese sfudy analyzed 40 sporadic renal cell car- 
cinomas for loss of heferozygosify of fhe shorf arm of chromosome 3. 
This differs from fhe VHL sfudy, which looked for LOH specifically af 
fhe VHL gene in clear cell fumors only. These invesfigafors found LOH 
in 79% of cases, mosf frequenfly af 3pl3-pl4 and 3p21.3. This firsf lo- 
cus was already under suspicion as a fumor suppressor gene, as dis- 
cussed above, and fhe aufhors now speculafed fhaf fhe 3p21-p22 con- 
fained a separafe fumor suppressor gene as well.^^^ Of inferesf are fwo 
gene producfs fhaf have been mapped fo fhis region. The firsf is 
acylpepfide hydrolase (APH), which has been shown fo be decreased 
in amounf in renal carcinoma cells vs normal renal cells. If has been 
speculafed fhaf fhis may acf as a fumor suppressor gene by regulafing 
fhe acfivify of an acefylafed growfh factor. The second is frans- 
forming growfh facfor befa receptor (JGPf3R2), which is a known reg- 
ulafor of cellular proliferation. Again, fhe exacf role of fhese genes 
will require furfher invesfigafion. 

Hereditary Papillary Renal Cell Carcinoma 
and Birt-Hogg-Dube Syndrome 

Heredifary papillary renal cell (HPRC) carcinoma is a rare histological 
subf 5 q)e fhaf has recenfly been found fo aggregafe in cerfain families. 
This was firsf described by Zbar ef al., who examined fhree genera- 
fions of one family and found nine members wifh mulfiple, bilateral 
papillary renal carcinomas.^^® The aufhors found no LOH or signifi- 
canf linkage fo chromosome 3p. This observation was later confirmed 
as a nonrandom occurrence wifh fhe description of nine addifional fam- 
ilies wifh mulfiple affecfed members. Cyfogenefic analysis of vari- 
ous papillary fumors, bofh sporadic and heredifary, revealed a frequenf 
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occurrence of trisomy 7, 16, and 17. It was proposed that a proto-onco- 
gene may reside on one or more of these chromosomes and trisomy 
may lead to overexpression and tumorigenesis.^^^hss Jq |-gg|- 
pothesis, Schmidt et al. conducted linkage analysis on nine families 
with HPRC and found evidence suggesting linkage to 7q31-q34. The 
MET proto-oncogene was known to reside in this region. The authors 
then tested blood and tumor samples from affected family members 
and found various missense mutations within the MET genot 5 ^e.^^^ 
The mutations in the MET gene were found to cause increased kinase 
activity in vitro and to be tumorigenic in mice.^^^ These studies pro- 
vided strong evidence implicating the MET gene in the etiology of 
HPRC. To test if this was true in sporadic cases as well, 129 sporadic 
papillary tumors were screened for mutations in MET. Mutations were 
found in only 17 of the cases, prompting investigators to search for a 
different mechanism for the development of sporadic papillary tu- 
mors. Because of the high incidence of trisomy 17 as well as trisomy 
7 in papillary renal cell carcinoma, Balint et al. conducted linkage anal- 
ysis on chromosome 17 in both sporadic and hereditary cases. Signif- 
icant linkage to the 17q21 locus was identified, implicating a second 
gene in this region responsible for papillary tumors. Whether such 
a gene is responsible for the majority of sporadic papillary renal car- 
cinomas will require further investigation. 

Another S 5 mdrome that has prompted investigation into the etiology 
of papillary renal carcinomas is Birt-Hogg-Dube syndrome. This 
S 5 mdrome was first described in 1977 by the three investigators 
for which it was named. The original report described an autosomal- 
dominant dermatologic condition characterized by the triad of multi- 
ple fibrofolliculomas, trichodiscomas, and acrochordons. It was subse- 
quently discovered that, in addition to the cutaneous manifestations, 
affected patients often had renal tumors and lung disease. To identify 
and quantify these renal tumors, Toro et al. examined families afflicted 
with VHL, HPRC, renal cell carcinoma associated with a 3pl4 translo- 
cation, papillary renal cell carcinoma not associated with a MET mu- 
tation (nonhereditary papillary renal cell carcinoma), or renal oncocy- 
tomas and examined them for signs of Birt-Hogg-Dube syndrome. 
Two of the renal oncocytoma families and one third of the families with 
nonhereditary papillary renal cell carcinoma exhibited Birt-Hogg-Dube 
syndrome, suggesting that the majority of renal tumors found in Birt- 
Hogg-Dube syndrome were nonhereditary papillary renal cell carci- 
nomas. A recent study conducted linkage analysis on a large Swedish 
family with Birt-Hogg-Dube S 5 mdrome and identified a region on chro- 
mosome 17pl2-qll.2 with strong evidence of linkage. It is interest- 
ing to note that this region is in close proximity to the locus found by 
Balint et al.^^^ More conclusive statements about the etiology of spo- 
radic papillary renal cell carcinoma will be possible as genes and gene 
products from this region are isolated. 

Other Potential Loci 

In addition to the regions mentioned previously, evidence that other 
loci may be involved in the development of renal cell carcinoma as well 
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has been reported. Morita et al. analyzed 64 sporadic renal cell carci- 
nomas for common deletions using markers specific to chromosomes 
5p, 6q, and lOq. Loss of heterozygosity of 5q was found in 33%, 6q in 
39%, and lOq in 41%. Deletion maps were constructed narrowing the 
loci of interest to 5q21, 6q27, and 10q21-23. While LOH was not as fre- 
quent as with chromosome 3p, the authors believed it to be signifi- 
cant.^^° Of these loci, the 5q21 is most interesting as it is known to con- 
tain the two tumor suppressor genes mutated in colorectal cancer 
(MCC) and adenomatous pol 5 q)osis coli (APC). The inactivation of these 
genes has been associated with multiple gastrointestinal malignancies 
including colorectal, esophageal, and gastric carcinomas. Suzuki et al. 
therefore looked specifically at the LOH of these two genes. MCC 
LOH was found in 18.2% and APC LOH in 14.3% of sporadic renal cell 
carcinomas evaluated, demonstrating that loss of these genes was an 
infrequent event in the development of renal cell tumors. 

Two other regions that have attracted interested are 9q34 and 16pl3. 
These are the loci for the two tumor suppressor genes TSCl and TSC2, 
which are involved in the development of tuberous sclerosis. Renal 
cell carcinoma has been shown to be weakly associated with tuberous 
sclerosis, with approximately 30 reported cases between 1980 and 1996. 
In addition, it has been shown that specific mutations in the TSC2 ho- 
molog in rats predisposes them to renal cell carcinoma. One study 
from the Mayo Clinic examining six cases of renal cell carcinoma in 
tuberous sclerosis patients found that the average age of onset was 36 
years, and three of the six had 9q or 16p LOH. The authors concluded 
from this that inactivation of the TSC tumor suppression genes may 
contribute to the development of renal cell carcinomas. 

Conclusion 

In summary, several regions with putative tumor suppressor genes 
have been associated with the development of renal cell carcinoma. 
The three main regions are on chromosome 3p: 3pl4-pl2, 3p25, and 
3p20-21. Isolated and suspected tumor suppressor genes at these re- 
gions include FHIT, wntSa, VHL, APH, and TGPj3R2. A subset of renal 
cell cancers, papillary tumors, has been associated in the hereditary 
form with the proto-oncogene MET on chromosome 7. There is some 
evidence that sporadic papillary tumors and those associated with Birt- 
Hogg-Dube may be secondary to mutations on chromosome 17. Fi- 
nally, it has been demonstrated that loci on 5p, 6q, lOq, 9q, and 16p 
may have an infrequent association with renal cell carcinoma devel- 
opment, in particular at loci for genes MCC, TSCl, and TSC2. 

Clinical Implications 

The therapeutic implications of this body of research currently sur- 
round advanced screening with early detection and treatment. If two 
or more family members are affected by renal cell carcinoma, further 
clinical evaluation of other family members may be warranted. Bilat- 
eral or multiple renal tumors within an individual should also raise 
suspicion for a hereditary predisposition. Genetic screening of poten- 
tially affected family members can not only lead to early detection of 
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renal tumors, thereby improving the possibilities for nephron-sparing 
surgery, but also identify fhose individuals who may benefif from close 
moniforing for ofher manifesfafions of heredifary fumor syndromes in- 
cluding ophfhalmologic or cenfral nervous sysfem lesions. As specific 
genes are isolafed, high-risk families can be quickly idenfified, and rel- 
atives of affecfed pafienfs can be more accurafely screened for disease 
suscepfibilify. There is no currenf gene fherapy for renal cell carcinoma, 
alfhough if is a promising and excifing field as fhe complex mecha- 
nisms of fumor developmenf are furfher elucidafed. 

Bladder, Ureteral, and Renal Pelvis Cancer 

Incidence 

Bladder cancer is fhe fourfh mosf common cancer in men, affer prosfafe, 
lung, and colorecfal cancer, accounfing for 5.5% of all cancer cases. In 
fhe Unifed Sfafes fhere are roughly 50,000 new cases wifh abouf 11,000 
bladder cancer-relafed deafhs per year. Bladder cancer has a predilec- 
fion for whife males, wifh a 3:1 male:female ratio and a 2:1 while 
male:black male ratio. Inferesfingly, fhere is an equal incidence between 
black and white females. Overall in women if is fhe eighfh mosf com- 
mon cancer, accounfing for 2.3% of all cases. The incidence appears fo 
be declining in women whereas if continues fo rise in men. The me- 
dian age of onsef is 69 in men and 71 in women, alfhough cases have 
been reporfed af all ages. Incidence, aggressiveness, and morfalify all 
increase wifh age.^^^'^^^ 

Between 90% and 95% of bladder cancers are fransifional cell fumors. 
The remaining fumors are f 5 q)ically eifher squamous cell carcinomas or 
adenocarcinomas. Transitional cell carcinomas also occur in fhe renal 
pelvis and urefer and are considered here as well. Bofh are uncommon, 
and fhey respectively accoimf for only 5% and 1% of fofal fransifional 
cell carcinomas. Similarly fo bladder cancer, bofh occur more frequenfly 
in whife males f 5 q)ically, buf nof exclusively, in pafienfs older fhan 75. 
There is some debafe abouf fhe risk factors for fransifional cell carci- 
noma. Sfudies have consisfenfly implicated cigarette smoking as well 
as exposure fo aniline dyes as causative agenfs. There have been bofh 
positive and negative reporfs of increased risk from coffee drinking, 
analgesic abuse, artificial sweetener use, and chronic cysfifis.^^®"^^^ 

Epidemiology 

Family history was initially believed fo be a significanf risk facfor for 
developmenf of fransifional cell carcinoma affer early reporfs of fa- 
milial clusfering became available. If was nof until lafer, larger epi- 
demiological sfudies were performed fhaf fhe notion of a herifable com- 
ponenf became equivocal. The imporfance of family hisfory remains 
an issue of debafe, and evidence bofh for and againsf if exisfs. One of 
fhe firsf reporfs of familial clusfering was in 1967, where one family 
was found fo have four cases of bladder cancer among ifs immediate 
members. A fafher and fhree of his sons were all affecfed and af a rel- 
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atively young age (<65). All four members were heavy smokers. In- 
terestingly, the mother died of adenocarcinoma of the colon, and two 
of the sons later developed lung cancer. This may indicate a general 
predilection for cancer rather than a specific bladder cancer inheri- 
tance. Other reports include a family with six affected members 
within two generations and another family with three affected siblings. 
All of the patients in these cases contracted the disease before age 50. 
As in the first family, these patients also had significant other risk fac- 
tors such as smoking or occupational exposure to carcinogens. 

The largest epidemiological study was conducted in the United 
States in 1985.^^® Nearly 3,000 patients with a histological diagnosis of 
bladder cancer were compared retrospectively against 5,782 controls. 
The controls were matched for age and sex only. Questiormaires as- 
sessed various risk factors including smoking, occupational exposure, 
history of cystitis, artificial sweetener use, and any history of a first- 
degree relative with cancer of the urinary tract. Distinction between 
bladder and kidney cancers was not determined. A positive family his- 
tory was found in 6% of the cancer patients vs 4% of the controls. This 
yielded a relative risk of 1.45 with a confidence interval (Cl) of 1.2 to 
1.8. The authors went on to note that younger patients (<45 years) and 
female patients had even higher relative risk, 2.7 and 1.8, respectively. 
From this data the authors h 5 ^othesized that a genetic mechanism may 
affect patient susceptibility to bladder cancer. 

This hypothesis was placed in doubt a year later by a second group 
of investigators who were imable to confirm the earlier findings. 
These authors retrospectively reviewed 173 female patients with early 
onset bladder cancer (20 to 49 years). Only one patient with a first- 
degree relative with bladder cancer was identified, and two others with 
relatives with kidney cancer. These findings were not significantly dif- 
ferent from their control group. The authors concluded that an affected 
first-degree relative did not impart an increased risk of contracting tran- 
sitional cell cancer, directly contradicting the previous study, which 
found that both female sex and early-onset disease were associated risks. 

A third study from Germany looked at 675 patients with bladder, 
renal pelvis, or ureteral cancers. Along with various other risk fac- 
tors, the prevalence of a positive family history was examined. A sig- 
nificantly elevated relative risk in men of 2.4 (95% confidence interval 
1.2 to 4.7) was noted, but there was no increase seen in females. 

One argument for the disparity seen between these studies has been 
the lack of controlling for known risk factors such as smoking. For in- 
stance, a family may have multiple members who are heavy smokers. 
If there is an above normal incidence of bladder cancer in such a fam- 
ily, it may be attributed to a heritable component when in fact it could 
be secondary to smoking. For this reason Kramer et al. conducted an 
experiment controlling for smoking status. Relative risks in both 
smoking and nonsmoking first-degree relatives of affected patients 
were examined. An increase relative risk of 1.8 in relatives who did 
not smoke and an increased relative risk of 2.1 in relatives who did 
smoke was observed. The authors concluded that a familial component 
that is independent of smoking does exists. 
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Kiemeney et al. looked at not only first-degree relatives but second- 
and third-degree relatives of affecfed pafienfsd®® One-hundred ninefy 
pafienfs from Iceland were examined, observing an overall increased 
relafive risk of 1.24 wifh any affecfed relative. Inferesfingly, fhough, 
mosf of fhe affecfed relatives were found fo be second and fhird de- 
gree rafher fhan firsf degree. In facf, fhe risks for having affecfed firsf-, 
second-, and fhird-degree relafives were 0.96, 1.38, and 1.27, respec- 
fively. No increased risk in relafives of younger pafienfs was observed, 
arguing againsf a genetic mechanism. 

Transitional Cell Carcinoma-Associated Syndromes 
From fhese sfudies if carmof be defermined wifh cerfainfy if fhe rela- 
fives of pafienfs wifh a sporadic urofhelial fumor manifesf a higher RR 
of developing a carcinoma fhemselves. If has been convincingly shown, 
fhough, fhaf cerfain s 5 mdromes are associafed wifh fhe developmenf 
of fransifional cell carcinomas. Specifically, fhese syndromes are L 5 mch 
S 5 mdrome II and ifs varianf, fhe Muir-Torre syndrome. Lynch S 5 m- 
dromes I and II were firsf described by Henry Lynch when he recog- 
nized fwo disfincf fypes of heredifary nonpol 5 ^osis colorecfal cancer 
(HNPCC).^^® Type I was characferized as early-onsef, mulfiple 
mefachronous, and synchronous proximal colonic adenocarcinomas. If 
is fransmiffed via aufosomal-dominanf inherifance. Type II confains all 
aspecfs of f 5 ^e I buf in addition is associafed wifh ofher visceral ma- 
lignancies, mosf nofably of fhe ovaries and endomefrium. Muir-Torre 
S 5 mdrome is believed fo be a varianf of L 5 mch S 5 mdrome II fhaf man- 
ifesfs cufaneous lesions in addifion fo fhe visceral malignancies. These 
include sebaceous adenomas, sebaceous epifheliomas, and kerafoa- 
canfhomas.^^^ Originally coined fhe "cancer family S 5 mdrome," if was 
long believed fhaf L 5 mch S 5 mdrome II was associafed wifh fransifional 
cell carcinomas of fhe renal pelvis and urefer. One of fhe firsf case re- 
porfs fo describe fhis was from 1985 in a woman wifh Lynch syndrome 
II and bilaferal fransifional cell carcinoma of fhe renal pelvis. An- 
ofher reporf from 1987 described a man wifh Muir-Torre syndrome 
who developed mulfiple recurrenf bilaferal fransifional cell carcinomas 
of fhe renal pelvis. L 5 mch in 1990 looked af four families wifh L 5 mch 
S 5 mdrome II and noficed a preponderance of early-onsef ureferal and 
bladder cancers (mean age, 55).^^^ The mosf definitive examinafion of 
fhis association was from Creighton Universify in 1993.^^^ The aufhors 
examined 1,300 members from 23 families wifh HNPCC. The incidence 
of various malignancies compared fo fhe general populafion was ana- 
lyzed wifhouf identifying a significanf increase in fhe number of eifher 
renal pelvis or ureferal carcinomas. 

Potential Alleles 

A large body of research exisfs providing supporf for pofenfial fransi- 
fional cell cancer suscepfibilify genes fhroughouf fhe genome. Loci have 
been implicated on mulfiple chromosomes including 3p, 4p, 4q, 8p, 9q, 
Up, llq, and 14q}^^ Of fhese, deletions involving chromosome 9 have 
been idenfified mosf frequenfly. Loss of heferozygosify of fhe long arm 
of chromosome 9 has been reporfed in roughly 50% of all fransifional 
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cell carcinomas regardless of stage or grade. Less frequently (7% to 10%) 
smaller deletions occur. These smaller deletions have permitted the 
mapping of various loci hypothesized to contain tumor suppressor 
genes. The 9q34 locus is known to encompass TSCl, one of the 
two tuberous sclerosis genes. A second region, at 9q22.3, is known to 
contain the locus for Gorlin's S 5 mdrome or familial nevoid basal cell car- 
cinoma S 5 mdrome.^^® Specific genes have not been identified at many 
of these loci, although they are believed to contain tumor suppressor 
genes of some sort. The exact role they play in transitional cell tumori- 
genesis is still unclear and will require further investigation. 

Specific Alleles 

In addition to these loci, several established tumor suppressor genes and 
proto-oncogenes have been implicated in the development of transitional 
cell carcinoma. Included in these are RBI, p53, and CCNDl (cyclin 
Sidransky et al. found a mutation rate as high as 61% for the tumor sup- 
pressor gene p53 in muscle invasive bladder cancers. Other investi- 
gators confirmed the high incidence of p53 mutations. In addition, it has 
also been shown that p53 is mutated more often in the tumors of smok- 
ers and those infected with schistosomiasis. As with the suscepti- 
bility loci mentioned earlier, the exact role of these genes in the devel- 
opment of transitional cell cancers has yet to be fully elucidated. 

In summary, it is clear that heritable transitional cell carcinoma ex- 
ists, at least as part of cancer s 5 mdromes such as Lynch II and Muir- 
Torre. Whether these cancers are also independently inherited contin- 
ues to be debated. With equivocal epidemiological data persisting, it 
is impossible to give a definitive answer. Multiple potential loci and 
genes have been suggested, and some evidence exists for their signif- 
icance. Whether these alleles are primarily involved in disease trans- 
mission, occurrence, or progression will require further research. 

Clinical Implications 

At this time, few clinical implications from these studies can be pro- 
posed. Certainly, it is probably not beneficial to routinely screen indi- 
viduals with affected relatives as the risk is equivocal and the proce- 
dures are invasive and costly. Certainly patients with cancer 
S 5 mdromes should be closely monitored for various visceral malig- 
nancies, not only urologic cancers. Such monitoring will be better fa- 
cilitated as more susceptibility loci are isolated. In the future, identifi- 
cation and characterization of heritable genetic factors may identify 
therapeutic drug targets and help define those patients at highest risk 
for progression to muscle-invasive cancers. 

Testicular Cancer 

Incidence 

Testicular cancer is the most common malignancy in men aged 15 to 
35. It accounts for 1% to 2% of all male neoplasms. In the United States 
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there are approximately 5,500 new cases per year. The overall incidence 
has been increasing from 2 per 100,000 in the late 1930s to 3.7 per 
100,000 in the early 1970s. T 5 ^ical age of onset is 20 to 40, although 
there is a relative increase in incidence at 0 to 10 years and >60 years 
as well. White males are affected three times more frequently than black 
males. In addition, certain ethnic groups such as native Hawaiians and 
Israeli Jews have been observed to have a higher overall incidence than 
the general population. Testicular cancers are divided histologically 
into germ cell tumors, including seminomas, teratomas, embryonal car- 
cinomas, and choriocarcinomas, and nongerm cell tumors including 
gonadoblastomas, Sertoli cell tumors, and Leydig cell adenomas. Germ 
cell tumors account for 90% to 95% of all testicular tumors, with semi- 
nomas comprising roughly 40% to 50% of this group. The primary risk 
factor for testicular cancer is a cr)q)torchid testis. This has been shown 
to confer an increased risk on both the affected and contralateral testes. 
Other potential risks include trauma, hormone exposure, and mumps 
atrophy.^^^ Extragonadal germ cell tumors are seen with an increased 
incidence in patients with Klinefelter's S 5 mdrome.^^^ 



Familial Clustering 

Case reports as far back as 1930 described multiple cases of testicular 
cancer within a single family.^^^ These reports led to the obvious ques- 
tion of whether a heritable component in the development of testicu- 
lar cancer existed. The first investigators to explore this question set 
about to ascertain if familial cases in fact existed and, if so, at what fre- 
quency. In 1985 the National Cancer Institute published data collected 
from 1976 to 1981. Two-hundred sixty -nine men with a histological di- 
agnosis of testicular cancer of various types were compared to a con- 
trol group of 259 men who had other nontesticular malignancies and 
who were stratified for age and race. Six cases of a first-degree relative 
diagnosed with testicular cancer within the patient group and only one 
case in the control group were identified. This was an incidence of 2.2% 
in the testicular cancer patient group. From this the authors calculated 
an RR of 5.9 (Cl = 0.7 to 49.1) for contracting testicular cancer with the 
history of an affected first-degree relative. 

Two European studies, one from Britain and the other from Sweden, 
were later conducted in an attempt to confirm and expand upon the 
findings of these studies. Drawing data from the UK cancer registry, 
the first group found 42 families with 2 or more affected members and 
nearly 800 random other men with confirmed testicular cancer.^^^ The 
family history of the 800 men was compared against 800 age-matched 
controls. Twelve affected first-degree relatives in the patient group 
were identified (an incidence of 1.5%) vs only 2 in the control group. 
Relative risks were calculated for affected brothers and fathers, demon- 
strating that an affected brother conferred a twofold higher RR of con- 
tracting testicular cancer than an affected father (8.0 vs 4.0). The au- 
thors then looked at the 42 families with 2 or more diagnosed members. 
These "familial cases" were compared against the men who had no 
family history of testicular cancer. The histologies for both groups were 
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divided into either pure seminomas or nonseminomas. The age of on- 
set of pure seminomas in fhe familial group was found fo be 32.5 vs 
35.5 years in fhe sporadic group. The age of onsef of nonseminomas 
was 26 in fhe familial group vs 28.5 in fhe sporadic group. Overall fhe 
median age of onsef was 29 vs 32.5. The age differences befween pure 
seminomas as well as for fhe overall group were sfafisfically signifi- 
canf {P < 0.05 and P < 0.01, respecfively). 

The Swedish group took a similar approach fo fhe British sfudy and 
identified 797 Norwegian and 178 Swedish men diagnosed wifh fes- 
ficular cancer. An overall incidence of an affecfed firsf-degree rela- 
five was found in 2.8% of cases. Their analysis was expanded fo in- 
clude second- and fhird-degree relatives as well and found an incidence 
of 4.8%. The aufhors fhen calculafed fhe RRs of developing cancer in 
fhe presence of an affecfed brofher or fafher. A nearly twofold higher 
increase in risk wifh an affecfed brofher (10.2 vs 4.3) was observed, and 
seminomas developed af a significanfly younger age in familial cases 
vs sporadic cases (32.9 vs 37.6 years). Finally, fhe incidence of bilafer- 
alify in fhe familial and sporadic cases was significanfly higher in pa- 
fienfs wifh a posifive family history (9.8% vs 2.8%). 

These sfudies confirmed fhe earlier findings from fhe National Can- 
cer Insfifufe. Alfhough fhe incidence of an affecfed firsf-degree family 
member varied somewhaf (1.5% fo 2.8%), all fhree clearly demonsfrafed 
an increased relafive risk for men wifh an affecfed brofher or fafher. 
In addition, fhe European sfudies agreed fhaf familial cases arise af a 
significanfly younger age fhan sporadic cases. The compilafion of fhis 
epidemiological dafa provided conclusive evidence fo supporf a heri- 
fable componenf accounting for a significanf percenfage of fesficular 
cancer cases. 

Inheritance Patterns 

A British group set forth to quantify fhis herifable componenf in terms 
of gene frequency and penefrance. Cases of fesficular cancer were caf- 
egorized as genetically predisposed bilateral cases, genetically predis- 
posed unilaferal cases, and sporadic unilateral cases. Drawing from 
published dafa on fhe overall incidence of disease, fhe incidence of fa- 
milial disease, fhe incidence of bilateral cases, and fhe expecfed inci- 
dence of bilaferalify from chance alone, 33% of all fesficular cancers 
were estimated fo be genetically predisposed wifh a penefrance of 
0.45.^^® Furfher, a homozygous aufosomal-recessive gene wifh an over- 
all frequency of 5% fhaf could accounf for fhaf genetic predisposition 
was proposed, implying fhaf 10% of all men would be carriers of fhe 
fesficular cancer suscepfibilify gene. 

A Scandinavian sfudy 2 years lafer attempted fo confirm fhe resulfs 
of Nicholson ef al. These aufhors looked af 978 men wifh fesficular can- 
cer and found 30 of fhem wifh an affecfed firsf-degree relafive. A seg- 
regafion analysis was performed fo look for a model of inherifance fhaf 
would besf fif fhe observed paffern of disfribufion of disease wifhin 
fhe families. Of aufosomal-recessive, aufosomal-dominanf, sporadic, 
and polygenic models, an autosomal recessive model besf fif fheir dafa. 
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A genetic frequency of 3.8% was calculafed, implying a 7.6% allele car- 
rier rafe and a penefrance of 0.43. Consequenfly, 25% of fesficular can- 
cer cases in men less fhan 35 years would be affribufed fo fhis allele. 
While fhe esfimafions of gene frequency and penefrance varied slighfly 
befween fhe fwo sfudies, bofh provided evidence for an aufosomal re- 
cessive, moderafely penefranf allele, accounfing for befween 25% fo 
33% of fesficular cancer cases. 

Potential Alleles 

For the past several years, efforts have been made to identify candi- 
dafe regions for a fesficular cancer suscepfibilify gene. Two major sfud- 
ies have been complefed in England and Scandinavia searching for au- 
fosomal genes. The firsf of fhese, by Leahy ef al., examined 35 families 
wifh 2 or 3 affecfed brofhers per family.^®^ Linkage analysis befween 
sibling pairs using 220 aufosomal microsafellife markers spaced 
fhroughouf fhe genome was performed, idenfifying 6 significanf can- 
didafe regions for a fesficular cancer suscepfibilify gene. These were 
locafed on chromosomes Ip, ip, 4q, 5q, liq, and 18q. A low fhreshold 
for significance {P < 0.05) in idenfifying fhese candidafe regions was 
sef fo nof overlook fhe frue region, acknowledging fhaf fhis infroduced 
a high likelihood of false posifives. The mosf significanf of fhese 
regions was on 4q. Genes of inferesf on 4q fhaf lie near fhe candidafe 
region include fhe a-fefoprofein gene, which is known fo be over- 
expressed in many fypes of fesficular cancer, and fhe gene KIT, a 
profo-oncogene. 

The second sfudy was acfually a reporf from fhe Infernafional Tes- 
ficular Cancer Linkage Consorfium.^®^ These aufhors used fhe analy- 
sis of fhe 35 families from Leahy ef al. as well as an addifional 15 ofher 
families. This dafa was combined wifh 54 more families, also wifh fwo 
or more affecfed members, idenfified fhrough fhe Consorfium. This 
second group of families was similarly screened for linkages using mul- 
fiple microsafellife markers. Combining fhe resulfs from fhe fwo 
groups failed fo confirm any of fhe regions idenfified by Leahy ef al. 
Analysis of fhe combined dafa did yield regions on chromosomes 3, 5, 
12, and 18, which were significanf for candidafe loci. Neverfheless, fhe 
aufhors acknowledged fhaf none of fhese regions provided convincing 
evidence for a fesficular cancer predisposition gene. 

Because examination of fhe aufosomal genome had provided little 
conclusive evidence for a fesficular cancer gene, a group of invesfiga- 
fors recenfly examined fhe X chromosome for pofenfial linkages. Be- 
cause if had been previously shown fhaf an affecfed brofher carried a 
fwofold higher relative risk of confracfing fhe disease vs an affecfed 
fafher, fhe invesfigafors h 5 q>ofhesized fhaf an X-linked inherifance 
could be involved. Using families from fhe Consorfium, linkage anal- 
ysis on pafienfs for possible X-linked fransmission was performed. A 
significanf candidafe region af Xq27 was designafed TGCTl.^^^ 
Sfronger evidence for linkage af fhis locafion was found in fhe subsef 
of families wifh af leasf one member wifh bilaferal fumors. To dafe, 
only one gene, FMRl, has been idenfified af fhis locus. FMRl is known 




R.N. Chichakli and J.R. Gingrich 



229 



to be involved in fragile X S5mdrome, which does not include an in- 
creased incidence of testicular cancer. The authors hypothesized that 
the presence of an extra copy of TGCTl in Klinefelter's syndrome may 
account for the increased incidence of extragonadal germ cell tumors 
seen in that population. 

Chromosome 12 

In 1982, Atkin and Baker first reported an anomaly noticed while an- 
alyzing the chromosomes of 10 seminomas, 1 malignant teratoma, and 
1 combined tumor. Each tumor contained a 12p isochromosome (il2p). 
This isochromosome essentially consisted of two chromosome 12 short 
arms. The authors h5^othesized that il2p was involved in tumorigen- 
esis through amplification of the 12p genome. Later studies con- 
firmed the observation of Atkins and Baker when 80% of testicular 
germ cell tumors were found to contain In addition, the ma- 

jority of the remaining 20% of tumors without il2p were found to have 
other translocations and rearrangements, which led to an amplification 
of 12p. 185.186 These findings provided strong evidence for a gene inte- 
gral to the development of testicular cancer located on chromosome 
12p. This gene or genes have not been isolated to date, and the role of 
12p in testicular tumor genesis remains unclear. Some evidence does 
exist, though, that 12p may be required for invasive growth rather than 
the initiation of testicular tumors. Mostert et al. used florescent in situ 
hybridization to identify specifically amplified regions of 12p. 
12pll.2-pl2.1 amplification was found in tumors both with il2p and 
12p translocation or rearrangements. Of interest also was the observa- 
tion that no amplification existed in intratesticular germ cell neopla- 
sia. Drawing from this observation, Rosenberg et al. compared in- 
tratubular germ cell neoplasia samples and tumor samples for 
overrepresentation of 12p sequences. Amplification of 12p was found 
in 0 of 11 intratubular germ cell neoplasia samples and 16 of 17 tumor 
samples. The authors h)q)othesized that 12p was required for invasive 
growth of tumors cells, possibly by suppressing apoptosis.^88 

Conclusion 

In summary, there is strong evidence that an affected first-degree 
relative, in particular a brother, confers an increased relative risk of 
contracting testicular cancer. The pattern of transmission appears 
consistent with an autosomal-recessive, moderately penetrant allele, ac- 
counting for about one quarter of all cases. Efforts to isolate this allele 
have so far been unsuccessful. A recurrent and consistent cytogenetic 
finding has been observed in testicular germ cell tumors — il2p. The 
role of 12p is unclear, but it appears to be involved with progression 
and maintenance of disease rather than its transmission or initiation. 

Clinical Implications 

The therapeutic implications of these findings again herald the impli- 
cations for screening and early detection of testicular tumors. Clearly, 
an individual with a family history of testicular cancer, in particular in 
a first-degree relative, should be more cognizant of meticulous self- 
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examination and consider physician screening. Currently, there are no 
specific alleles or genes to screen affected families, buf research con- 
finues in fhis area. The role of 12p is an exciting avenue for pofenfial 
freafmenfs for germ cell fumors. Once fhe specific gene or genes in- 
volved are isolafed, fheir profein producfs and functions can be ascer- 
fained. This will provide invaluable information for fhe developmenf 
of fargefed anfifumor fherapies. 



Conclusions 

Clearly, significanf progress has been made in begirming fo identify 
specific genetic suscepfibilifies for urologic malignancies. The idenfifi- 
cafion of specific genes fhaf are responsible for or confribufe fo fhe de- 
velopmenf of urologic malignancies holds fhe same pofenfial clinical 
implications for fhe diagnosis and freafmenf of all cancers. One of fhe 
earliesf applicafions fhaf is already being ufilized is fhe identification 
of fumors of unknown origin fhrough fhe molecular subclassificafion 
of hisfological fumor f)^es. The driving hope is fhaf fhrough charac- 
ferizafion of fhe molecular evenfs involved in fhe developmenf and 
progression of cancer, early diagnosis for high-risk populafions may 
be feasible. Early defection will fheorefically allow utilization of fhe 
mosf effecfive, leasf foxic freafmenf sfrafegy for an individual pafienf. 
Even more fufurisfic will be failoring of chemoprevenfive agenfs for 
high-risk populafions and design of effecfive freafmenfs for specific fu- 
mor fypes in affecfed individuals utilizing small molecules or pofen- 
fially corrective gene fherapy sfrafegies. 
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Genetics of Multiple 
Endocrine Neoplasia 

Derrick J. Beech 



Multiple endocrine neoplasia (MEN) are inherited syndromes com- 
prised of several endocrine disorders. There are two general categories 
of MEN, f 5 ^es 1 and 2. MENl is phenofypically characferized by 
parafhyroid gland hyperplasia, pancreatic islef cell fumors, and fumors 
of fhe anferior pifuifary gland. ^ There are fwo differenf subcafegories 
of MEN2; MEN2A is characferized by medullary fhyroid cancer (MTC), 
pheochromocyfoma, and parafhyroid h 5 ^erplasia; MEN2B is com- 
prised of MTC and adrenal pheochromocyfoma along wifh mucosal 
neuromas, bony abnormalities, marfanoid habifus, and ganglioneuro- 
mas of fhe infesfines, puffy lips, and comeal nerve h 5 ^erfrophy. Ea- 
milial MTC has similar feafures fo MEN bofh clinically and genetically 
and will be included in fhis chapfer. 

MENl and MEN2 wifh fheir associafed germline mufafions are fhe 
profofypical S 5 mdromes for which early identification of gene mufa- 
fions and resection of fhe appropriafe end organ will positively impacf 
on survival of individuals wifh fhis disease. DNA fesfing can lead fo 
fhe idenfificafion of individuals wifh disease in fhe occulf sfafe. Eor ex- 
ample, pafienfs wifh an identified RET mufafion and MEN2 and fa- 
milial medullary fhyroid cancer syndrome mighf have a fofal fhy- 
roidecfomy performed based on fhis identified genefic defecf. Surgical 
infervenfion will remove fhe occulf disease and significanfly impacf on 
fhe pafienf's survival. Specific genefic alferafions are associafed wifh 
fhe phenofypic characferisfics in MEN. 

Unique fo MEN is fhe predicfable developmenf of specific clinical 
endocrine diseases based on idenfifiable genefic defecfs. MENl and 
MEN2 have idenfifiable genefic alferafions fhaf franslafe info fhe de- 
velopmenf of well-characferized phenofype expression. Similar genefic 
alferafions are seen wifh familial MTC. This chapfer will oufline fhe 
genefic defecfs in MEN and suggesf approaches fo genefic fesfing. In 
kindreds wifh MEN2, evidence-based approaches fo fhe idenfificafion 
of subjecfs wifh RET mufafions and recommendafions for prophylac- 
fic operafive resecfion will be explained. 
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Multiple Endocrine Neoplasia Type 1 

MENl typically becomes clinically evident by the third and fourth 
decade of life for women and men, respectively.^ The majorify of pa- 
fienfs will have more fhan one organ sysfem involved, and one fiffh of 
pafienfs will manifesf adenomas in fhree endocrine sifes. The mosf 
common manifesfafion of MENl is primary h 5 ^erparafhyroidism and 
associafed h 5 ^ercalcemia resulfing from parafhyroid gland hyperpla- 
sia. The second mosf common organ sife fo be involved in MENl is fhe 
pancreas. Adenomas of fhe pifuifary gland, adrenal gland, and fhyroid 
may also occur, as can gasfric, bronchial, or fhymic carcinoid fumors.^ 

Hypercalcemia, kidney stones, peptic ulcer disease, hypoglycemia, 
headache, changes in visual fields, hypopifuifarism, acromegaly, galac- 
forrhea, amenorrhea, or Cushing's S 5 mdrome are pofenfial clinical find- 
ings in pafienfs wifh MENl.^ Alfhough MENl is a syndrome in which 
many of fhe neoplasms are benign, pafienfs have a significanfly re- 
duced life expecfancy wifh a 50% morfalify rate by age 50.^'® 

Primary hyperparafhyroidism is fhe mosf consisfenf clinical en- 
docrinopafhy in MENl, affecting 88% fo 97% of individuals.® Parafhy- 
roid gland hyperplasia is fhe pafhologic enfify responsible for fhe ele- 
vafed serum calcium and parafhyroid hormone levels. Pafienfs are 
fypically identified using serological screening for primary hyper- 
parafhyroidism (elevated serum calcium and parafhyroid hormone 
levels). Pancreatic islef cell fumors may on occasion become clinically 
evidenf before parafhyroid disease. 

Pancreatic islef cell fumors are fhe second mosf common en- 
docrinopafhy associafed wifh MENl. Pancreafic pepfide-secrefing fu- 
mors are fhe mosf common type, occurring in 80% to 100% of pancre- 
afic endocrine fumors in MENl. These lesions are fypically malignanf 
and are fhe mosf common cause of deafh in pafienfs wifh MENl.^ 

Werner's S 5 mdrome, MENl, is an aufosomal-dominanf inherited dis- 
order resulfing from a defecf in chromosome 11 (ql3 locus). This S 5 m- 
drome is characterized by parafhyroid h 5 q)erplasia, pifuifary fumors, 
and pancreafic islef cell fumors. The peak incidence of disease is in 
fhe fhird and fourfh decade of life for men and women, respecfively. 
A significanf number of pafienfs will have adenomas of more fhan one 
gland. Pafienfs may also develop foreguf or midguf carcinoid fumors. 
Pafienfs may develop symptoms from hyperparafhyroidism such as 
nephrolifhiasis or pepfic ulcer disease. H 5 q)opifuifarism, acromegoly, 
galacforrhea, or amenorrhea can on occasion be seen. 

The mosf common finding in pafienfs wifh MENl is primary hy- 
perparafhyroidism, which occurs in up fo 97% of pafienfs.® Mulfiglan- 
dular h 5 q)erplasia is fhe efiology of primary h 5 q)erparafhyroidism. 
Treafmenf of fhe parafhyroid disease in MENl requires resection of 
fhree and one half or all four parafhyroid glands. If all four glands are 
removed fhen aufofransplanfafion is done in fhe forearm musculafure. 

The mosf common cause of deafh in MENl is malignanf pancreafic 
islef cell fumors.® Pancreafic peptic-producing fumors are fhe mosf 
common, representing 80% fo 100% of islef cell malignancies in 
MEN1.^° In addition fo pancreafic pepfide-producing fumors, gasfri- 
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nomas, insulinomas (20%), glucagonomas (3%), and vasoactive in- 
testinal peptide (VIPoma) (1%) may also occurd^ 

There has been no clinical study demonstrating improved survival 
using operative resection in patients with MENl. Resection of non- 
gastrinoma pancreatic islet cell tumors in MENl is beneficial, wifh a 
significanfly large percenfage of pafienfs having biochemical disease 
cure. 

Pifuifary adenomas may become symptomatic due fo local en- 
croachmenf on fhe optic nerve producing visual field defecfs or head- 
ache. These fumors occur in 54% fo 80% of pafienfs wifh MENl}^ The 
mosf common pifuifary fumor seen wifh MENl is prolactinoma (41% 
fo 76% of lesions). Clinically, prolactinomas are manifested by ab- 
sence of penile erection in men and galacforrhea in women. Pafienfs 
may also demonsfrafe acromegaly (due fo growfh hormone) or Cush- 
ing's syndrome (due fo adrenocorficofropic hormone). Managemenf of 
prolactinomas can include dopamine recepfor agonisf. Transphenoidal 
resection of fhe pifuifary fumor is also used fo freaf anferior pifuifary 
lesions in fhese pafienfs. Pafienfs wifh MENl may also develop ofher 
adrenal abnormalities (27% fo 36%), fhyroid adenomas (5% fo 30%), 
along wifh lipomas, angiofibromas, or collagenomas. 

The cornersfone fo surgical managemenf of MENl is operafive re- 
secfion of all four parafhyroid glands wifh placemenf of graffed 
parafhyroid tissue in fhe nondominanf forearm muscles. Operafive 
managemenf of parafhyroid hyperplasia is usually performed prior fo 
fhe surgical freafmenf of gasfrinomas because fhe confrol of hypercal- 
cemia can minimize adverse sequelae from pancreafic islef cell fumors. 



MENl Genetics 

The consistent feature in patients with MENl is the development of 
h 5 q)erparafhyroidism. H 5 q)erparafhyroidism is usually due fo parafhy- 
roid h 5 q)erplasia and occurs in 90% of people wifh fhis S 5 mdrome. Clin- 
ical manifesfafions of hyperparafhyroidism are usually evidenf by fhe 
second or fhird decade of life. 

MENl is classically described as a S 5 mdrome consisfing of fhe 'Three 
ps" — ^pancreafic islef cell fumors, parafhyroid h 5 q)erplasia, and pifu- 
ifary fumors. Universally, fhe pifuifary fumors occur in fhe anferior pi- 
fuifary gland. MENl can also on occasion include carcinoid fumors or 
lipomas. 

MENl has variable penefrance and is inherifed as an aufosomal- 
dominanf disorder. The gene responsible for MENl is Menin}^ Menin 
is a fumor suppressor gene occurring on fhe long arm of chromosome 
11.^^ MEN2A and MEN2B are bofh inherifed as aufosomal-dominanf 
condifions associafed wifh fhe RET oncogene. This gene is locafed af 
fhe pericenfromeric region of chromosome 10.^® 

Menin is associafed wifh a 2- fo 8-kilobase mRNA fhaf encodes for 
a protein producf consisfing of 610 amino acids. Several differenf 
fypes of mufafions can occur, resulfing in fhe phenofypic MENl S 5 m- 
drome. Missense mufafions, frameshiffs, and nonsense mufafions can 
occur, resulfing in fhe disrupfion of fhe wild-fype gene.^° The major- 
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ity of mutations result in the truncation of the C-terminal portion of 
the Menin protein.^^ 

Menin is thought to act by binding Jun D, a transcription regulation 
factor, thus inhibiting Jun D-activated transcription.^^ Wild-t 5 ^e Menin 
is thought to maintain the integrity of DNA; thus when mutated, Menin 
and MENl are characterized by chromosomal instability. 

Multiple Endocrine Neoplasia Type 2 

MENl A and MEN2B result from unidentifiable mutations in the RET 
protooncogene. The most consistent phenot 5 ^ic feature of both is the 
development of MTC. This malignancy develops from the parafollicu- 
lar cells of the thyroid gland. 

The frequency of associated endocrinopathies in MEN2A varies with 
pheochromocytomas and primary h 5 q)erparathyroidism occurring in 
17% to 60% of patients.^^ Sipple initially described the high rate of bi- 
lateral pheochromocytomas in patients with thyroid malignancies in 
1961.^^ This was later found to be associated with hyperparathyroidism 
and designated "MEN2" (later called MEN2A). 

Patients with MEN2A may also develop cutaneous lichen amyloi- 
dosis, which is characterized by brown-pigmented macular amyloido- 
sis with a cluster of papules in the interscapular area.^^ Patients may 
also have clinical manifestation of Hirschprung's disease in association 
with the other endocrinopathies of MENl A. As with the non-MEN- 
associated Hirschprung's disease, functional obstruction and mega- 
colon can develop from the absence of autonomic ganglion cells in the 
parasympathetic plexus of the distal colon. 

As with MEN2A, patients with MEN2B develop a virulent form of 
MTC. Medullary thyroid cancer develops in these patients at a rela- 
tively early age and is rarely curable. Patients with MEN2B develop 
neural gangliomas mainly of the gastrointestinal tract, including the 
lips and tongue. These gangliomas may also develop on the conjunc- 
tiva. Skeletal abnormalities may also develop in this syndrome. Unlike 
MEN2A, hyperparathyroidism is not seen in patients with MEN2B. 

MEN2 Genetics 

The RET oncogene was localized to the pericentromeric portion of 
chromosome 10 in 1987. RET was further mapped to the long arm of 
chromosome 10, and ultimately this mutation was linked to MENl.^'*^'^ 

There are numerous missense mutations identified in MENl A. The 
majority of mutations result in nonconservative changes in cysteine 
residue. Many of these mutations result in an activated RET protein 
product with increased tyrosine kinase activity.^^ 

The RET gene has greater than 20 exons with 5 mRNA species.^^ The 
RET gene products consist of a cysteine-rich extracellular domain, a 
hydrophobic transmembrane domain, and an intracellular tyrosine ki- 
nase catalytic domain. The gene products of RET are typically ex- 
pressed in select cell types in normal individuals, including thyroid C 
cells and cells of the adrenal medulla and brain.^® 
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Functionally, wild-t 5 ^e RET activation results in dimerization and 
phosphorylation of the intracellular tyrosine kinase domain. When 
MEN2A mutations are present in the RET proto-oncogene, the protein 
is constitutively activated. This is not the case for profein producfs of 
RET mufafions in MEN2B. lnMEN2B consfifufive dimerizafion and re- 
ceptor acfivafion does nof occur; rafher, fransformafion resulfs from 
changes in subsfrafe specificify. 

Screening and Surgical Intervention for MEN2A 

The development of MTC in individuals with MEN2A has a nearly 
100% penetrance. The majority of patients develop this malignancy be- 
fore age 30; hence, individuals with RET mutations are considered for 
prophylactic thyroidectomy. Several studies support operative inter- 
vention based on the presence of RET mutations rather than the con- 
firmatory study of elevated plasma calcitonin or stimulated calcitonin 
levels. Wells and associates evaluated 13 asymptomatic RET mutation 
carriers treated with thyroidectomy.^® The total cohort screened in- 
cluded 132 subjects from kindreds affected hy MEN2 A. Forty-eight sub- 
jects had an MEN2A diagnosis. Fifty-eight subjects had a 50% risk of 
developing MEN2A but had no clinical evidence of disease. Of these 
58 subjects, sequence-based direct mutation DNA analysis identified 
21 subjects with inherited RET mutation. Stimulated calcitonin levels 
were assessed in all 21 subjects. Nine of the 21 subjects evaluated 
showed elevated levels of stimulated calcitonin. Thirteen members of 
this cohort (6 with normal stimulated calcitonin and 7 with elevated 
stimulated calcitonin levels) underwent total thyroidectomy, lymph 
node dissection, and parathyroid autotransplantation. All of the pa- 
tients with elevated stimulated calcitonin levels (7/7) had microscopic 
evidence of MTC on the resected specimen. Medullary thyroid cancer 
was evident in half (3 / 6) of the patients with normal stimulated calci- 
tonin levels. 

This evolution was the impetus for a later report evaluating the 
utility of preventive thyroidectomies in subjects with RET mutations. 
Fourteen children had RET mutations evident on genetic testing and 
underwent subsequent thyroidectomies. Long-term follow-up demon- 
strated no recurrence of disease. These data support the frequent ther- 
apeutic use of total thyroidectomy in subjects with a family history of 
MEN2 and identifiable RET mutations. 

Familial Medullary Thyroid Cancer 

Familial MTC is characterized by MTC in the absence of other en- 
docrinopathies.^® Although a frequent component of MEN2, MTC can 
occur in the absence of other clinical manifestations of MEN and is his- 
tologically similar to MTC in patients with sporadic disease or MEN2A 
or MEN2B. Medullary thyroid cancer is a neuroendocrine malignancy 
of the calcitonin-secreting parafollicular cells (C cells). T 5 y>ical features 
of familial MTC are that of bilaterality and multifocal lesions. Sporadic 
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forms of MTC are usually unilaferal, unlike fhe familial counferparf. 
Medullary fhyroid cancer seen in pafienfs wifh familial MTC is usu- 
ally less virulenf fhan MTC associafed wifh MEN2.^^ 

Familial MTC is an aufosomal-dominanf condifion associafed wifh 
a germline mufafion of fhe RET profo-oncogene. Familial MTC repre- 
senfs approximafely 10% of all f 5 ^es of MTC.^^ Clinical presenfafion 
of pafienfs wifh familial MTC is similar fo fhaf of MTC found as a com- 
ponenf of MEN2. Medullary fhyroid cancer is fhe mosf consisfenf en- 
docrinopafhy seen wifh MEN2A and MEN2B. Pafienfs may presenf 
wifh sympfoms of neck fullness or shorfness of breafh. Sfimulafed or 
random calcitonin levels may be elevafed. 

Genetic evaluation of screening for familial MTC or MTC as a com- 
ponenf of MEN2A or MEN2B hinges on fhe defecfion of missense mu- 
fafions of fhe RET profo-oncogene.^^ RET mufafions are fypically de- 
fecfed in fhe peripheral leukocyfes.^^ The usual technique for RET 
mufafion analysis involves fhe use of reverse franscripfase (RT) poly- 
merase chain reaction (PCR) fo defecf poinf mufafions in exons 10 and 
11 (codons 609, 611, 618, 620, and 634) in fhe case of familial MTC and 
MEN2A. For MEN2B, poinf mufafions occur in codon 918. The idenfi- 
ficafion of fhe specific codon for fhe poinf mufafion allows evaluation 
of kindreds wifh similar areas of defecfs and, in fhe case of a codon 
918 mufafion, cafegorizing fhe S 5 mdrome as MEN2B?^ 

The presence of an RET mufafion has a 100% penefrance, wifh all 
pafienfs ulfimafely developing MTC.^® If fhere is an RET mufafion, 
pafienfs should have basal calcifonin levels evaluafed. These pafienfs 
should also undergo sfimulafed plasma calcifonin level evaluafion. 
Basal calcifonin levels of greafer fhan 1 mg/mL usually signify fhe 
presence of clinically apparenf or occulf MTC.^® Pafienfs wifh normal 
basal levels of plasma calcifonin undergo sfimulafed plasma calci- 
fonin assessmenf. Bofh calcium and penfigasfrin are used in fhis 
provocafive fesf. In fhe case of sfimulafed calcium, if is given as a bo- 
lus or infusion. Bolus calcium is given in fhe form of calcium glu- 
curonafe (2 mg/kg over 1 minufe) followed by plasma calcifonin as- 
sessmenf. When calcium is used as an infusion in fhe sfimulafion fesf, 
if is usually given af doses of 15 mg/kg over 4 hours. Penfigasfrin is 
used in fhe calcifonin-sfimulafing fesf af doses of 0.5-mg/kg infra- 
venous bolus. 

In pafienfs wifh an idenfified RET mufafion and elevafed basal or 
sfimulafed calcifonin level, if is recommended fhaf fhey undergo op- 
erafive managemenf. If RET mufafions are found in a member of a 
known MEN kindred, fhen operative managemenf is recommended re- 
gardless of basal or sfimulafed calcifonin levels. C-cell hyperplasia or 
MTC is universally discovered wifh fhese prophylacfic resections. 

Prior fo fhe operafive managemenf of MTC in pafienfs wifh RET mu- 
fafions, if is crifical fo exclude fhe presence of pheochromocyfomas.^® 
Prior fo surgery, pafienfs should have urinary levels of epinephrine, 
norepinephrine, vanillylmandelic acid, and mefanephrine evaluafed. 
Localizing sfudies may include an abdominal compufed tomography 
scan, magnefic resonance imaging, or scintigraphy using mefaiodo- 
benzyl guanidine. 
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